Characterization studies on an extracellular heteropolysaccharide produced by anabaena flos-aquae A-37 by Davis, E. B.
CHARACTERIZATION STUDIES ON 
HETEROPOLYSA CCHA RIDE 
BY 
A N  EXTRA CELLULAR 
PRODUCED 
ANABAENA FLOS-AQUAE A-37 - 
by 
ED?: TH BOYA NTON DA VIS 
A D i s s e r t a t i o n  
Submit ted t o  t h e  F a c u l t y  o f  
Miss i ss ippi  S t a t e  U n i v e r s i t y  
in .  P a r t i a l  Fulfil1men.t of t h e  Requirements 
f o r  t h e  Degree Doctor  o f -Ph i losophy  
i n  t h e  Department of  Microbio logy  
S t a t e  C o l l e g e ,  Miss i ss ippi  
January ,  1970 
https://ntrs.nasa.gov/search.jsp?R=19700009462 2020-03-12T01:04:44+00:00Z
Copyr ight  by 
E d i t h  Boyanton. D a v i s  
1970  
CHARACTERIZATION STUDIES ON A N  EXTRACELLULAR 
HETEROPOLYSA CCHA RIDE PRODUCED 
BY 
ANABAENA FLOS-AQUAE A-37 
L_ 
by 
EDITH BOYANTON DAVIS 
A D i s s e r t a t i o n .  
Submit ted t o  t h e  F a c u l t y  of  
M i s s i s s i p p i  S t a t e  UnAversi ty  
in .  P a r t i a l  Fulfi1lmen.t of t h e  Requirements 
f o r  t h e  Degree Doctor  of  Ph i losophy  
i n  t h e  Department o f  Microbio logy  
S t a t e  Co l l ege ,  Miss i ss ippi  
Janua ry ,  1970 
CHARACTERIZATION STUDIES ON AN EXTRACES;LULAR 
HETEROFOLYSA CCHA RIDE PRODUCED 
BY 
ANABAENA __I- FLOS AQUAE Ab37 
bY 
EDITH BOYANTON DAVIS 
Approved : 
Professor of Microbiology 
(Chairman of Supervisory 




Professor of Microbiology, 
(Member of Committee] , 
Prof  e s sor  of Microbiology 
(Member of Committee) 
Associate Professor of 
Microbiology (Member of 
Committee 1 
Professor of 'Botany (Minor 
Prof'es.sor and Member of 
committee) 
Prore  s s o r  of ' Agronomy 
(Member of Committee) 
Dean. of the Graduate School 
Dean. of the College of 
Arts and Sciences 
iii 
A CKNOWLEDGEMENTS 
The w r i t e r  would l i k e  t o  e x p r e s s  her a p p r e c i a t i o n .  
t o  D r ,  R,  G. T i s c h e r ,  P r o f e s s o r  and Head o f  t h e  Department 
o f  Microbio logy  f o r  t h e  o p p o r t u n i t y  t o  conduct  t hese  i n -  
v e s t i g a t i o n s ,  f o r  h i s  p a t i e n c e  a n d  c o n s i d e r a t i o n .  an.d f o r  
t h e  guidance  and c o n . s t r u c t i v e  c r i t i c i s m s  o f  t h e s e  r e s e a r c h  
e f f o r t s ,  A p p r e c i a t i o n  i s  a l s o  d i r e c t e d  t o  D r ,  Lewis R, 
Brown. f o r  h i s  many h e l p f u l  c r i t i c i s m s  a n d  s u g g e s t i o n s  and 
t o  D r ,  John C, Mickelson  o f  t h e  Departmen.t o f  Microbio logy .  
The w r i t e r  would l i k e  t o  e x p r e s s  her  g r a t i t u d e  t o  t h e  
r e a d e r s  of t h i s  d i s s e r t a t i o n .  f o r  t h e i r  many h e l p f u l  sug- 
g e s t i 0n.s a n.d c r i t i c i s m s . 
She would a l s o  l i k e  t o  e x p r e s s  he r  h p p r e c i a t i o n .  t o  
her husband w i t h o u t  whose p a t i e n c e ,  enc0uragemen.t and 
un.derstandin.g t h i s  work could  n o t  have been. undertaken.  
and completed,  
The w r i t e r  i s  a l s o  i n d e b t e d  t o  t h e  Nation.al  Aero- 
n a u t i c s  an.d Space Admin.istration.,  N a t i o n a l  S c i e n c e  Foun.- 
d a t i o n  an.d M i s s i s s i p p i  S t a t e  U n i v e r s i t y  f o r  p r o v i d i n g  
f in . anc ia1  a s s i s t a n c e  during t h e s e  i n v e s t i g a t i o n s ,  
TABLE OF CONTENTS 
A ~ K N O ~ E D G ~ E N T S , , . . . ~ . . o ~ . ~ . o . ~ ~ o .  o . . . . , , . e o e o .  
LIST O F  TABLES,... . . . . ,oo,. . . . .~. . . .~o.. . . . . . .  .. . 
. .  
LIST OF FIGURES..O..O.,.,.,.., 
LITERATURE RE ~ ~ . . . . O o O . . o o o . , o . . ~ , . . ~ , . . . . . . . .  
MA TERIALS AND ~ T H O D S . . O o . . O . O O . . . . . . . . . O I . . . .  
EXPERIMENTAL RESULTS AND D I S ~ U S S I O N . . , . . . . . . . .  
SUMMARY.. ... ... .. .... a .. .. . . . O . o . .  .... . e . . .. 





v i i  
V 
LIST O F  TABLES 
Table  Page 
1, The E f f e c t  of  Var ious  N i t r o g e n  Sources  
on t h e  P r o d u c t i o n  o f  t h e  E x t r a c e l l u l a r  
P o l y s a c c h a r i d e  by A ,  - -  f l o s - a q u a e  A-37.. .. 43 
r i d e  D a t a  Shown in.  Table  1. ............. 44 2, S t a t i s t i c a l  A n a l y s i s  of t h e  Folysauhha-  
3. S o l v e n t s  T e s t e d  f o r  U s e  a s  a Po lysaccha -  
r i d e  So1vent............ ................ 
4. Rf v a l u e s ,  Rglucose  v a l u e s  a n d  Color 
R e a c t i o n s  of S t a n d a r d  Sugars a n d  E x t r a -  
47 
c e l l u l a r  P o l y s a c c h a r i d e  C o n s t i t u e n t s . . . .  50 
_ .  - .  
5. P o l y s a c c h a r i d e  Con . s t i t uen t s  in.  t h e  Poly-  
s a c c h a r i d e s  Produced by the O r i g i n a l  
I s o l a t e  a n d  t h e  S u b c u l t u r e  of  A-. f l o s -  
aquae A-37... ........................... 53 
6 .  P o l y s a c c h a r i d e  C o n s t i t u e n t s  i n  t h e  Poly-  
s a c c h a r i d e  Produced by A.  r l o s - a q u a e  - ........ A-37 When Grown. on. KnopTs Medium 54 
7. P o l y s a c c h a r i d e  C o n s t i t u e n t s  in .  t h e  Poly-  
s a c c h a r i d e  Produced by A .  flos-,aqu:,e 
A-37 C u l t i v a t e d  by M r ,  r. D. Bostwick,. .  55 
8, Compounds Which E f f e c t  P r e c i p i t a t i o n .  
of t h e  E x t r a c e l l u l a r  P o l y s a c c h a r i d e  
Produced by A .  ........ 59 - -  
9, Compounds Which E f f e c t  C l a r i f i c a t i o n  
o f  t h e  E x t r a c e l l u l a r  l?olysaccharj.de 
Produced by A ,  f l o s - a q u a e  4-37. ......... 
E x t r a c e l l u l a r  ~ o l y s a c c h a r i d e . .  .......... 70 
Disc , E l e c t r o p h o r e s i s  of t h e  F r a c t i 0 n . s  _ _ _ _  
of t h e  E x t r a c e l l u l a r  Po lysaccha r ide . , . , .  7 1  
61 
. .  _ _ _  
- -  
10. Disc  E l e c t r o p h o r e s d s  S t u d i e s  on. t h e  - _ _  
11, 
12.  Disc  E l e c t r o p h o r e s i s  of  t h e  E x t r a -  
c e l l u l a r  P o l y s a c c h a r i d e  When t h e  
C u r r e n t  was In . te r rupted , . . . . . . , , .  ....... 72 
V i  
L i s t  o f  Tables--Continued 
Page 
D i f f e r e n c e s  in .  t h e  P r e c i p i t a t i o n .  
R e a c t i o n s  of t h e  E x t r a c e l l u l a r  
s a c c h a r i d e , , o , , , o , . , o o o o . ~ ~ n ~ e ~ ~ o . o n o ~ ~ ~  * 75 
P o l y s a c c h a r i d e  and t h e  TCA-Poly- . _ -  
V i s c o s i m e t r i c  D e t e r m i n a t i o n s  on. t h e  
E x t r a  c e l l u l a  r Polys  a c c ha r i d  e a n.d t h e  
Serial H y d r o l y s i s  o f  t h e  Elxtra-  
cellular P o l y s a c c h a r i d e  , O O . O , ~ O O O .  o o ~ o e o  
Summary Table  o f  t h e  C h a r a c t e r i s t i c s  
of  t h e  E x t r a c e l l u l a r  P o l y s a c c h a r i d e  P ro -  
duced bg -- 4 ., f l o s - a q u a e  A-37. .. . ., ., o. 
T C A - P o l y s a c c h a r i d e , o o ~ o ~ o o o o ~ ~ . e o ~ e . n ~ o o  79 
82 
90 
_ _  
Yii 




3 e  
40 
5 ,  
10, 
11 0 
Appara tus  f o r  t h e  La rge  S c a l e  
C u l t i v a t i o n  o f  A ,  fpos-aquae  4-37. , ., , 1 6  - -  
Scheme f o r  t h e  E x t r a c t i o n .  o f  
P o l y s a c c h a r i d e s  from A .  f l o s -  
aquae A - 3 7 0 . 0 0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 0 0 0 0 0 ~ ~ 0 0 0 0  21 
- -  
Gla ss Columns and Column. S u p p o r t s  
Employed i n  Disc E l e c t r o p h o r e s i s , , o o o o o .  33 
Disc E l e c t r o p h o r e s i s  Chamber (A  ) and 
Chamber Holder  ( B )  Emplqyed i n  Disc 
Electrophoresisoo~~ooooooooooe.o. 35 
Higb Vol t age  Power Supply  U t i l i z e d  
in.  Disc Electropho~~sis.o,o,,,,,,..,.o.. 37 
E x t r a c e l l u l a r  P o l y s a c c h a r i d e  Product ion .  
and I n c r e a s e  i n .  Cell Mass Expressed a s  
a Funct ion.  of  T i m e ~ O O O O ~ O O o . O O O o O O o o ~ a o e  41 
Vol tage  and Temperature  Changes During 
Disc E l e c t r o p h o r e s i s  a t  a C0n.stan.t 
Current of 4 mA/gelo e , 44 
Disc  E l e c t r o p h o r e s i s  of  t h e  Sodium 
S a l t  P o l y s a c c h a r i d e  a t  a Cons tan t  
Current of 5 mA/gelo . e , a 65 
D i s c  E l e c t r o p h o r e s i s  of  t h e  E x t r a -  
c e l l u l a r  ( a c i d i c  ] P o l y s a c c h a r i d e  a t  
a C o n s t a n t  Current o f  5 mA/gel, , , ., 66 
D i s c  E2ec’t;rophoresis o f  t h e  E x t r a -  
c e l l u l a r  ( a c i d i c  ) a n d ,  Sodium! Sdlt 
P o l y s a c c h a r i d e s  a t  a C o n s t a n t  C u r r e n t  
of 5 mA/gelo . . a o o  e ., e . . e o . .  60 
I n f r a - r e d  S p e c t r a  of t h e  Two F r a c t i o n s  
o f  t h e  E x t r a c e l l u l a r  P o l y s a c c h a r i d e  
O b t a i n e d  by A l c o h o l  P r a c t i o n . a t f o n . , , o o , . ,  76 
V i f i  
L i  s t of  F i g u r e  s - -Con. t in.ued 
F i g u r e  Page 
12, I n f r a - r e d  Spec t r a  o f  t h e  Un.purif ied 
(A ) a n d  P u r i f i e d  ( B )  E x t r a c e l l u l a r  
~o~ys~~a~d~ooo,,,,,,,,,, 76 
INTRQDUCTION 
During r e c e n t  y e a r s  much a t t e n t i o n .  and r e s e a r c h  h a s  
been  d i r e c t e d  toward p o l y s a c c h a r i d e s  produced by t h e  ma- 
r i ne  a l g a e ,  T h i s  i s  q u i t e  u n d e r s t a n d a b l e  sin.ce many of 
t h e s e  p o l y s a c c h a r i d e s  a r e  of economic importance.  One o f  
t h e s e  p o l y s a c c h a r i d e s ,  a g a r ,  i s  of g r e a t  impor tance  s i n c e  
i t  i s  u t i l i z e d  in.  b o t h  medica l  a n d  m i c r o b i o l o g i c a l  r e s e a r c h ,  
and in.  ' industry.  L ikewise ,  t h e  p o l y s a c c h a r i d e s  in .  t h e  
forms of muc i l ages  and gums which a r e  produced by man.y 
h i g h e r  p l a n t s  have rece ived  c o n s i d e r a b l e  a t t e n t i o n .  because  
t h e y  a r e  o f  economic importance.  
On. t h e  o t h e r  hand, t h e  p o l y s a c c h a r i d e s  produced by 
t h e  fresh-wa'ter a l g a e  have n o t  r e c e i v e d  an. adequa te  amount 
of  a t t e n t i o n . ;  t h e r e f o r e ,  , on ly  a minute amount of  in forma-  
t i o n  i s  a v a i l a b l e  conce rn ing  them e i t h e r  g e n e r a l l y  o r  
s p e c i f i c a l l y ,  Hor ton  and Wolfrom (1963) s t a t e  t h a t  h e t e r o -  
p o l y s a c c h a r i d e s  which coh ta in .  b o t h  n e u t r a l  s u g a r s  and 
u r o n i c  a c i d s  compr ise  one OS t h e  most complex a r e a s  of  
c a r b o h y d r a t e  c h e m i s t r y  and t h ? t  t h e  informat ion .  p e r t a i n i n g  
t o  them i s  most i ncomple t e ,  Most of  t h e  ex is t ing  informa- 
t ion .  was o b t a i n e d  from gums and muci lages  o f  h ighe r  p l a n t s ,  
The q u a n t i t y  o f  knowledge per t inent  t o  h e t e r o p o l y s a c c h a e  
r i d e s  of microorganisms,  e s p e c i a l l y  t h o s e  of t h e  f r e s h -  
w a t e r  a l g a e ,  i s  a t  t h e  p resent  i n s u f f i c i e n t .  
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These s t u d i e s  were undertaken.  because a f resh- -water  
a l g a  which w a s  known, t o  be an e x c e l l e n t  p o l y s a c c h a r i d e  
p roduce r  w a s  a v a i l a b l e ,  T h i s  organism had been  the  sub- 
j e c t  of numerous p r e v i o u s  p u b l i c a t i o n s ;  t h e r e f o r e ,  i t s  
c h a r a c t e r i s t i c s  a n d  p e c u l i s r i t i e s  were Vel1 known.. The 
i n v e s t i g a t i o n s  t o  be r e p o r t e d  in.  t h i s  d i s s e r t a t i o n  were 
un.der taken t o  a t t e m p t  t o  e l u c i d a t e  t h e  c h a r a c t e r i s t i c s  
of  a n  e x t r a c e l l u l a r  h-e te ropolysacchar ide  produced by a 
b a c t e r i a - f r e e  c u l t u r e  of t h e  blue-greasn a l g a .  An$baeh.a 
f ' los-aquae 4-37'. These s tudies  were con .cent ra ted  on. t h e  
i n t a c t  polymer and  r e l a t i v e l y  l i t t l e  work was done on. t h e  




Over t h e  p a s t  h a l f  c e n t u r y  p o l y s a c c h a r i d e s  produced 
by b i o l o g i c a l  sys tems haye a t t r a c t e d  t h e  a t t e n t i o n  o f  many 
5 n . v e s t i g a t o r s .  Most of  t h e s e  e a r l y  i n q u i r i e s  i n t o  t h e  
p o l y s a c c h a r i d e s  were t h e  r e s u l t  o f  c u r i o s i t y ,  a l t h o u g h  
from t h i s  approach  have come t h e  much more s e r i o u s  en-  
deavors .  
During t h e  s e a r c h  o f  t h e  , l i t e r a t u r e ,  s e v e r a l  a p p l i -  
c a t i o n s  f o r  p l a n t  and a l g a l  p o l y s a c c h a r i d e s  were encoun- 
t e r e d  which m i g h t  be w o r t h  mentioning.  In. Russia, Koz'uiina 
a n d  l3aron.ofa (1968) have i n v e s t i g a t e d  t h e  u s e  o f  c o l l o i d a l  
p o l y s a c c b a r i d e s  of marine a l g a e  in.  t h e  baking  i n d u s t r y .  
They found t h a t  when. car rageenan .  w a s  added t o  dough p r e -  
pa red  f rom s o f t  wheat t h e  g l u t e n .  p r o p e r t i e s  improved 
d u r i n g  b o t h  t h e  p r o c e s s i n g  and t h e  baking.  Agaroid a n d  
Na a1gTnate  were found t o  have a l e s s e r  e f f e c t ,  whereas  
a g a r  had no e f f e c t ,  
Gudjons (19691 has  s m v e y e g  many wa te r - so lub le  p o l y -  
s a c c h a r i d e s  a n d  has  l i s t e d  24 economica l ly  i m p o r t a n t  
n a t u r a l  p l an t  p o l y s a c c h a r i d e s  a c c o r d i n g  t o  t h e i r  p r o p e r t i e s  
a n d  economic f i e l d  o f  use, 
S e v e r a l  J apanese  worke r s  have found t h a t  a p o l y s a c -  
c h a r i d e  e x t r a c t e d  from C h l o r e l l a  a n d  Scen,edesmus has t h e  
a b i l i t y  t o  s t i m u l a t e  t h e  r e t i c u l o e n d o t h e l i a l  system in .  
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r a t s  (Yamada, et s., 1969; Tohoku, 1969) .  
A v a r i e t y  o f  books and p e r i o d i c a l  a r t i c l e s  o n p o l y -  
s a c c h a r i d e s  i s  a v a i l a b l e ;  however, upon i n v e s t i g a t i o n .  
one f i n d s  t h a t  t h e  v a s t  m a j o r i t y  of  t h i s  in format ion .  i s  
p e r t i n e n t  o n l y  t o  t h e  gums and muci lages  produced by 
h ighe r  p l a n t s  ( J o n e s  and Smi th ,  1949; W h i s t l e r  and Smart ,  
1953; Smi th  and Montgomery, 1959). Smi th  and Mon.tgomery 
(1959) l i s t  s e v e r a l  a l g a l  h e t e r o p o l y s a c c h a r i d e s  which 
have been. ana lyzed  and c h a r a c t e r i z e d  in.  terms o f  c o n s t i t -  
u e n t  monosacchar ides ,  b u t  none o f  t h e s e  has  been  c h a r a c -  
t e r i z e d  t o  such  a n  extent a s  t o  make i t  a d e f i n a b l e  
n , a t u r a l  p roduc t .  The m a j o r i t y  l i s t e d  a r e  p o l y s a c c h a r i d e s  
produced by marine a l g a e ,  
A l g a l  p o l y s a c c h a r i d e s  were comple t e ly  ignored  by 
S t a c e y  and Barker  (1960) in.  t h e i r  c o n s i d e r a  t i on .  o f  micro-  
b i a l  p o l y s a c c h a r i d e s .  They d i s c u s s e d  p o l y s a c c h a r i d e s  
produced by t h e  b a c t e r i a ,  t h e  y e a s t s  and y e a s t - l i k e  f u n g i ,  
t h e  molds and t h e  p r o t o z q a ,  E v i d e n t l y  t h e y  d i d  n o t  con- 
s i d e r  t h e  a l g a e  t o  be microorganisms.  
M i c r o b i a l  p o l y s a c e h a r i d e s ' w e r e  reviewed by J e a n e s  
(1968). A l g a l  muc i l ages  and e x t r a c e l l u l a r  p r o d u c t s  have 
been  b r i e f l y  c o n s i d e r e d  by Lewin. (1962).  P e r c i v a l  and 
McDowell (1967 ) have p r e p a r e d  a v e r y  e x c e l l e n t  accoun t  
of t h e  marine a l g a l  p o l y s a c c h a r i d e s .  It remains  f o r  t h e  
c o u n t e r p a r t  o n  f r e s h - w a t e r  a l g a l  p o l y s a c c h a r i d e s  t o  be 
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c omp i l e  d . 
There a r e  a v a i l a b l e  numerous t e c h n i q u e s  f o r  under-  
t a k i n g  t h e  s t u d y  of p o l y s a c c h a r i d e s  ( W h i s t l e r  and Smart, 
1953; Smi th  a n d  Mon.tgomery, 1959; P e r c i v a l  and McDowell, 
1967). The a p p l i c a t i o n .  o f  most of t h e s e  p r o c e d u r e s  t o  
t h e  s t u d y  of f r e sh -wa te r  a l g a l  p o l y s a c c h a r i d e s  i s  l i m i t e d  
because  most o f  t h e  methods a r e  a p p l i c a b l e  a t  t h e  present 
t o  r e l a t i v e l y  simple polymers  composed of  u s u a l l y  one 
rnon.osacchari.de. Overton. (1963) has compiled a good 
review d e a l i n g  w i t h  t h e  i s o l a t i o n .  an.d p u r i f i c a t i o n  of 
n a t u r a l  p r o d u c t s  i n . c l u d i n g  p o l y s a c c h a r i d e s .  P rocedures  
f o r  t h e  de t e rmina t ion .  of  , p h y s i c a l  p r o p e r t i e s  of so1ut ion .s  
of  p o l y s a c c h a r i d e s  have been. o u t l i n e d  by Banks and Green.- 
wood (1963) .  B0uven.g and L indbe rg  (1960)  have o u t l i n e d  
t h e  t e c h n i q u e s  f o r  t h e  d e t e r m i n a t i o n  of t h e  s t r u c t u r e  of 
p o l y s a c c h a r i d e s ,  Extreme c a u t i o n .  would have t o  be ex-  
e r c i s e d  in .  a t t e m p t i n g  t o  a p p l y  some o f  t h e s e  methods t o  
t h e  s t u d y  o f  a l g a l  h e t e r o p o l y s a c c h a r i d e s ,  p a r t i c u l a r l y  
in. t h e  i n t e r p r e t a t i o n .  o f  t h e  d a t a ,  
W h i s t l e r  and Wolfrom (1962, 1963) have compiled many 
of  t h e  methods u t i l i z e d  in .  t h e  s t u d y  of  c a r b o h y d r a t e s ,  
T h e i r  usefulness  i s  p r i m a r i l y  in .  t he  f i e l d  of monosac- 
c h a r i d e s  w i t h  some emphasis  on. p o l y s a c c h a r i d e s ,  
J o n e s  (195’3) was a p p a r e n t l y  t h e  f i r s t  t o  employ a 
d e t e r g e n t  i n ,  t h e  i s o l a t i o n .  o f  a b i o l o g i c a l  p roduc t .  He 
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u t i l i z e d  C e t y l  tr ime t hyla mmonium bromide ( Ce t a v l o n l  ) f o r  
t h e  i s o l a t i o n  of b a c t e r i a l  nxicleic a c i d s .  He f u r t h e r  
showed t h a t  Cetavlon.  could  a l s o  be a p p l i e d  i n  t h e  sepa -  
r a t i o n  a n d  p u r i f i c a t i o n ,  of b a c t e r i a l  p o l y s a c c h a r i d e s ,  
S c o t t  (1955) l a t e r  observed  t h a t  Cetavlon.  cou ld  be 
used t o  p r e c i p i t a t e  a c i d i c  non-sulpha t e d  p o l y s a c c h a r i d e s .  
I n  1957, Barker ,  S t a c e y  a n d  Zwe i fe l ,  demonst ra ted  t h a t  
Cetavlon. cou ld  be u t i l i z e d  t o  p r e c i p i t a t e  b o r a t e  complexes 
of  neutral  p o l y s a c c h a r i d e s .  They were a b l e  t o  s e p a r a t e  
a mix tu re  of  y e a s t  mannan and glycogen. w i t h  a r e c o v e r y  
of  82 an,d 80 p e r c e n t ,  r e s p e c t i v e l y ,  Glycogen and in .ul in .  
were s e p a r a t e d  w i t h  a n  e f f i c i e n c y  of  69 a n d  58 p e r c e n t ,  
r e s p e c t i v e l y ,  
Cetavlon.  w a s  employed i n .  s t r u c t u r a l  s t u d i e s  of t h e  
c a p s u l a r  p o l y s a c c h a r i d e  and an a c i d i c  p o l y s a c c h a r i d e  
produced by A e r o b a c t e r  aerogeQes  ( B a r k e r ,  - e t  - . 7  a 1  1958a ,  
1 9 5 8 b ) ,  They f u r t h e r  f o u n d  t h a t  Cetavlon.  could  be employ- 
ed t o  s e p a r a t e  n u c l e i c  a c i d s  from p o l y s a c c h a r i d e s ,  Both 
s u b s t a n c e s  a r e  p r e c i p i t a b e d  a t  a n e u t r a l  p H  w i t h  Ce tav lon ;  
however, t h e  p r e c i p i t a t e d  ac idSc  p o l y s a c c h a r i d e s  a r e  
s o l u b l e  in.  0.25 M NaC1 ,  whereas  t h e  n u c l e i c  a c i d  complex 
i s  i n s o l u b l e  , 
Jones  a n d  P a i n t e r  ( 1 9 5 9 )  a c e t y l a t e d  a n d  s u b s e q u e n t l y  
'The s p e c i f i c  t r a d e  name f o r  t h e  C e t y J t P i m e t h y l -  
ammonium bromide t h a t  he u t i l i z e d ,  
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f r a c t i o n a t e d  t h e  h e m i c e l l u l o s e  from l o b l o l l y  p i n e  and were 
a b l e  t o  demonst ra te  two d i s t i n c t  f r a c t i o n s .  T h e  f i r s t  
ch loroform s o l u b l e  f r a c t i o n .  of t h e  h e m i c e l l u l o s e  a c e t a t e  
was found upon. d e a c e t y l a t i o n .  an.d h y d r o l y s i s  t o  con ta in .  
g a l a c t o s e ,  g l u c o s e  a n d  mannose. The second ch loroform 
s o l u b l e  f r a c t i o n .  w a s  found t o  con ta in .  x y l o s e ,  4-0-Methyl- 
g l u c u r o n i c  a c i d  and 2-0- (4-0-Me t h y l  glucur onosyl  ) x y l o s e  
The s t r u c t u r e  o f  t h e  h e t e r o p o l y s a c c h a r i d e  gum p r o -  
d u c e d  by Acacia  nubica  was found t o  c o n s i s t  o f  a h i g h l y  
branched framework of  D-ga lac tose  t o  which were a t t a c h e d  
D-glucuronic  a c i d  r e s i d u e s  and. s i d e  c h a i n s  con.ta1n.in.g L- 
a r a b i n o s e  (Anderson. an.d C r e e 9  1968) ,  
A l a r g e  amount o f  work has been. done on. t h e  p o l y s a c -  
c h a r i d e s  produced by b a c t e r i a .  Numerous r e p o r t s  a r e  
a v a i l a b l e  c on.cern.in.g b a c t e r i a  1 p o l y s a c c h a r i d e s  w i t h  r e s p e c t  
t o  t h e i r  a n t i g e n i c  p r o p e r t i e s .  Davies  (1955) has s t u d i e d  
t h e  p o l y s a c c h a r i d e s  produced by some Gram n.egat ive b a c t e -  
r i a  i n c l u d i n g  t h e  gene ra  Sa lmonel la  an.d S h i g e l l a .  He 
a l s o  s t u d i e d  a s p e c i f i c  p o l y s a c c h a r i d e  produced by 
P a s t e u r e l l a  p e s t i s  a n d  found i t  t o  be a l i p o p o l y s a c c h a r i d e  
c o n t a i n i n g  g l u c o s e ,  g1ucosamin.e and an. u n i d e n t i f i e d  a l d o -  
hep tose ,  
Wang, S t e e r s  and N o r r i s  (1963) found t h a t  Lac to -  
b a c i l l u s  b i f i d u s  produced a n  e x t r a c e l l u l a r  p o l y s a c c h a r i d e  
composed of  g a l a c t u r o n i c  a c i d ,  g a l a c t o s e ,  g l u c o s e  and 
6-deoxyta lose ,  No f u r t h e r  s t u d i e s  were u n d e r t a k e n  t o  
e l u c i d a t e  t h e  c h a r a c t e r i s t i c s  of t h e  p o l y s a c c h a r i d e ,  
The e x t r a c e l l u l a r  p o l y s a c c h a r i d e  produced by 
S e r r a t i a  marcescens w a s  found by Young and Adams (1965) 
t o  be,  in.  r e a l i t y ,  two p o l y s a c c h a r i d e s ,  They were a b l e  
t o  e f f e c t  a s e p a r a t i o n .  u t i l i z i n g  Cetavlon.,  The -Cetavlon- 
p r  e c i p i  t a t e d p o l y s  a c c ha r i d  e c o n t  a in.e d g l u c o s e ,  ma n.n.0 s e  
a n d  u r o n i c  a c i d .  The p o l y s a c c h a r i d e  r e t a i n e d  in .  t h e  s u p e r -  
n a t a n t  w a s  composed o f  g l u c o s e ,  rhamnose, a hep tose ,  
hexosamin.e, u r o n i c  a c i d  a n d  t r a c e s  of  b o t h  f u c o s e  and  
mannose. 
The f i r s t  fresh-wate-r  a l g a l  p o l y s a c c h a r i d e s  were 
a p p a r e n t l y  i s o l a t e d  by Payen. (19381, He e x t r a c t e d  t h e  
e x t r a c e l l u l a r  p o l y s a c c h a r i d e s  from t h r e e  members of t h e  
f a m i l y  Nostocaceae:  R i v u l a r i a  b u l l a  t a  , C a l o t r i x  pulvin.a’t;a 
and Nostoc commUn.e. However, he d i d  n.o f u r t h e r  s t u d i e s  
on. t h e s e  p o l y s a c c h a r i d e s ,  
In.1943, Kylin. e x t r a c t e d  a p o l y s a c c h a r i d e  from t h e  
c e l l s  of  C a l o t r i x  scopulorum which w a s  found t o  con.tain.  
g a l a c t o s e ,  a p e n t o s e  8n.d s u l f u r i c  a c i d .  
P robab ly  t h e  f i r s t  e x t e n s i v e  work on. f r e s h - w a t e r  
a l g a l  p o l y s a c c h a r i d e s  w a s  done by F r e d r i c k  (1951) when. 
he i s o l a t e d  a p o l y s a c c h a r i d e  from O s c i l l a t o r i a  p r f n c e p s  
which was determined  t o  be a g l y c o g e n - l i k e  polymer. I n  
1952, he d i s c o v e r e d  a p o l y s a c c h a r i d e  v a r i a n t  of go p r i n c e p s  
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which produced a p o l y s a c c h a r i d e  s i m i l a r  t o  p l a n t  amylose 
in.  t h a t  i t  w a s  an. a lmost  comple t e ly  l i n . e a r  polymer o f  
glucose, ,  He sugges t ed  t h a t  t h i s  v a r i a n t  w a s  t h e  r e s u l t  
o f  a m u t a t i o n .  which e f f e c t e d  a d e c r e a s e  in.  t h e  q u a n . t i t y  
of t h e  b ranch ing  enzyme e s s e n t i a l  f o r  t h e  format ion .  of  
t h e  g lycogen . - l ike  polymer produced by t h e  p a r e n t  type .  
L a t e r  he found t h a t  p o l y s a c c h a r i d e  v a r i a n t s  o f  t h i s  t ype  
cou ld  be induced by s u b j e c t i n g  t h e  a l g a  t o  low tempera-  
tures  ( 5 ° C )  f o r  about  30 days;  however, t h e s e  v a r i a n t s  
w o u l d  r e v e r t  t o  normal upon. r e t u r n .  t o  2 5 O C  ( F r e d r i c k ,  
1953a). F r e d r i c k  (1953b)  a l s o  i n v e s t i g a t e d  t h e  b ranch ing  
c h a r a c t e r i s t i c s  o f  t h e  p o l y s a c c h a r i d e  produced by - 0, 
p r i n c e p s  a n d  t h e  k i n e t i c s  of p o l y s a c c h a r i d e  format ion .  
( F r e d r i c k ,  19541. 
Hough, Jones  and  Wadman (1952) under took  t h e  i n v e s t i -  
g a t i o n  o f  t h e  p o l y s a c c h a r i d e s  produced by some f r e sh -wa te r  
a l g a e .  N f t e l l a  w a s  harvesked from Lake Windermere a n d  
d e f i n i t e l y  w a s  n o t  a un i form sample; however, t h e  main. 
c a r b o h y d r a t e  compon.en.t w a s  found t o  be a c e l l u l o s e ,  
O s c i l l a t o r i a  a n d  Nostoc were c o l l e c t e d  a t  t h e  F reshwa te r  
B i o l o g i c a l  Assoc ia  t ion . ,  Ambleside,  England,  The con.di- 
t5.on.s under  which t h e s e  a l g a e  were c u l t i v a t e d  were n o t  
d e s c r i b e d ,  bu t  i t  may be assumed t h a t  t h e y  were n o t  
a x e n i c  c u l t u r e s ,  The p o l y s a c c h a r i d e  produced by 
O s c i l l a t o r i a  w a s  found t o  be a po lyglucosan .  of t h e  amy- 
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l o p e c t i n .  t ype ,  The p o l y s a c c h a r i d e  produced by Nostoc 
was comple t e ly  d i f f e r e n t  from t h e  o t h e r s  in.  t h a t  i t  was 
found t o  con . ta in  f i v e  n e u t r a l  s u g a r s :  rhamnose, x y l o s e ,  
g l u c o s e ,  g a l a c t o s e  and a n  .unknown sugar ; ' an .d  b o t h  g l u -  
c u r o n i c  and g a l a c t u r o n i c  a c i d s .  The v a l i d i t y  of  t h e s e  
0bse rva t ion . s  i s  open. t o  q u e s t i o n  because o f  t h e  i m p u r i t y  
o f  t h e  samples.  
Bishop, Adams and Hughes (1954) i n v e s t i g a t e d  t h e  
p o l y s a c c h a r i d e  produced by  An.abaen.a c y l i n d r i c a .  The  
p u r i t y  of t h e  cu l tu re  w i t h  respect  t o  b a c t e r i a l  contam- 
i n a n t s  was n o t  s t a t e d , ,  The p o l y s a c c h a r i d e  was f0un.d t o  
be a complex h e t e r o p o l y s a c c h a r i d e  composed o f  g l u c o s e ,  
x y l o s e ,  g a l a c t o s e ,  rhamnose, a r a b i n o s e  and g l u c u r o n i c  
a c i d  in,  a molar r a t i o  of 5:4:1:1:1:40 The p o l y s a c c h a r i d e  
was a l s o  demonst ra ted  t o  be chemic:ally homogeneous, 
S t u d i e s  on. t h e  e x t r a c e l l u l a r  p o l y s a c c h a r i d e s  p ro -  
d u c e d  by 15' s p e c i e s  of  t h e  genus  Chlamydomonas were  con- 
duc ted  by Lewin. (1956]0  The more ' f r e q u e n t l y  encoun te red  
monosacchar ides  were g a l a c t o s e  and a r a b i n o s e  w i t h  g l u c o s e ,  
x y l o s e ,  f u c o s e ,  mannose and W Q ~ ~ C  a c i d s  o c c u r r i n g  t o  a 
l e s s e r  extent  
A p o l y s a c c h a r i d e  produced by Nostoc muscorum was 
found t o  c0n.taf.n. g a l a c t o s e ,  g l u c o s e ,  x y l o s e ,  a rab in .ose ,  
r i b o s e ,  rhamnose a n d  two un . iden . t i f i ed  s u g a r s  (Biswas,  
1957) ,  S t u d i e s  were a l s o  conducted t o  e l u c i d a t e  t h e  
11 
m e t a b o l i c  p a t t e r n .  o f  p o l y s a c c h a r i d e  s y n t h e s i s  u t i 1 i z i n . g  
C14-labeled s u b s t r a t e s  in ,  t h e  p r e s e n c e  o f  l i g h t ,  
E i g h t  s p e c i e s  o f  green. a n d  blue-green.  a l g a e  in.  pure 
c u l t u r e  were i n v e s t i g a t e d  by Moore a n d  T i s c h e r  (1964) 
in.  o r d e r  t o  de te rmine  t h e  q u a n t i t y  of p o l y s a c c h a r i d e  p r o -  
duced a s  w e l l  a s  t o  i d e n t i f y  t e n t a t i v e l y  t h e  compon.en.ts 
of  t h e s e  p o l y s a c c h a r i d e s ,  These a l g a e  i n c l u d e d  C h l o r e l l a  
v u l g a r i s ,  Pa lme l l a  mucosa, Chlamydomonas sp. ,  Nostoc sp.  
and Anabaena - f lo s -aquae  A-37. 
c e l l u l a r  p o l y s a c c h a r i d e  was found t o  con.tain., a t  l e a s t ,  
t h r e e  m o m s a c c h a r i d e s ,  L a t e r  woore an.d T i sche r  (1965') 
s t u d i e d  e x t e n s i v e l y  t h e  e x t r a c ' e l l u l a r  p o l y s a c c h a r i d e  
produced by - A ,  f los , -aquae  A-37. T h i s  p o l y s a c c h a r i d e  w a s  
r e p o r t e d  by them t o  con.ta,in. g l u c u r o n i c  a c i d ,  g l u c o s e ,  
x y l o s e  and r i b o s e  in.  a molar  r a t i o  of  1:88:39:3. In. 
add i t ion . ,  t h e y  i n v e s t i g a t e d  t h e  pathway F o r  t h e  b i o -  
s yn.t he s is  of t h e  e x t r a  c e 1'1ula r p o l y s a c c h a r i d e  . 
In. e a c h  c a s e  t h e  ex t ra -  
Maksimova and Fimenova (1966) s t u d i e d  t h e  p r o d u c t s  
e x c r e t e d  by some green.  a l g a e  a n d  found t h a t  C h l o r e l l a  
pyren.oddosa and - C .  v u l g a r i s  r e l e a s e d  p o l y s a c c h a r i d e s  
composed of g a l a c t o s e ,  mannose, a r a b i n o s e ,  x y l o s e ,  r i b o s e ,  
f u c o s e  and rhamnose, T r a c e s  o f  s u c r o s e ,  g l u c o s e  an.d 
f r u c t o s e  were found a s  f r e e  s u g a r s  in .  t h e  s p e n t  medium, 
These polysacchar l ides  were r e l e a s e d  e s p e c i a l l y  during 
t h e  s t a t i o n a r y  phase  of growth,  
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Oset rov ,  Shnyukova an.d V l a s i s h i n g  (1969)  found t h a t  
t h e  p o l y s a c c h a r i d e  m a t e r i a l  produced by M?icrocysSTs 
ae rug inosa  was v e r y  complex an.d t h a t  i t  v a r i e d  under  
n a t u r a l  con.dit ion.s.  I t  was found t o  con ta in .  a c i d i c  
p o l y s a c c h a r i d e s ,  some of  which were bound t o  p r o t e i n s ,  
and n e u t r a l  p o l y s a c c h a r i d e s ,  They d i d  n.ot expand t h e i r  
work t o  determine t h e  c o n s t i t u e n . t s  of t h e  p o l y s a c c h a r i d e s ,  
The p o l y s a c c h a r i d e s  produced by 12 s t r a i n s  of  blue- 
g r e e n  a l g a e  were s t u d i e d  by Rashba, Kosenko and Solonin.  
(1969) and were found t o  constain.  11-14 monosaccharides .  
Anabaena v a r i a b i l i s  was demonst ra ted  t o  have the  a b i l i t y  
t o  u t i l i z e  359 d i f f e r e n t  c a r b o h y d r a t e s ,  The t o t a l  ca rbo-  
h y d r a t e  c o n t e n t  and growth were i n v e r s e l y  p r o p o r t i o n a l ,  
MATERIALS A N D  METHODS 
C u l t u r e  Medium 
B a s a l  Medium 
The b a s a l  medium employed w a s  a mod i f i ca t ion .  of t h e  
mine ra l  s a l t s  medium d e s c r i b e d  by Dyer a n d  Gafford  (1963). 
The mod i f i ca t ion .  con . s i s t ed  of 0rnitt in.g a l l  n i t r o g e n .  t o  
p rov ide  a n i t r o g e n - f r e e  medium. There were t r a c e  amounts  
of n i t r o g e n  p r e s e n t  a s  a r e s u l t  o f  t h e  con.tamin.an.ts i n .  t h e  
r e a g e n t  g r a d e  chemica l s  u t i l i z e d .  
S tock  so1ut ion .s .  
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The b a s a l  medium w a s  p repa red  by adding  1 0  ml. of each 
s t o c k  s o l u t i o n .  t o  500 m l ,  o f  d i s t i l l e d  wa te r  an.d d i l u t i n g  
t o  a l i t e r  w i t h  d i s t i l l e d  w a t e r ,  The pH w a s  a d j u s t e d  t o  
1.4 
8,o - 8.5 w i t h  10 p e r c e n t  KOH, 
by adding  1 m l .  o f  t h e  microelement  s o l u t i o n .  d e s c r i b e d  
l a t e r .  
f o r  1s minutes  ( 2 0  minutes  f o r  t h e  l a r g e  c o n t a i n e r s ) .  
Nit rogen.  Sources  
Microelements  were provided  
S t e r i l i z a t i o n .  was e f f e c t e d  a t  15 p.s . i .  a t  1 2 f  C 
The u s u a l  n i t rogen .  s o u r c e  employed was KN03 a t  a con.- 
c e n t r a t i o n  of 1 g r a m / l i t e r  o r  0.138 g r a m / l i t e r  n i t rogen . .  
The o t h e r  n.i t rogen. 
a r e  l i s t e d  below. 
Nitrogen. s o u r c e  
NH CI 4 
NH4N03 
NaN03 
NH H PO 
4 2  4 
s o u r c e s  u t i l i z e d  in.  c e r t a i n .  experiments 















Microe lements  
The microe lements  employed were a mod i f i ca t ion .  o f  t h o s e  
recommended by Gaffron. a s  u t i l i z e d  by Hughes, Gorham and 
Zehn.der (1.958). The m o d i f i c a t i o n  c o n s i s t e d  o f  s u b s t i t u t i n . g  
n.i t r ogen.- f r  e e compounds f o r  t hose which con t a in.e d n.i t r ogen . 
The molybdenum c o n t e n t  was i n c r e a s e d  from 0,9 p,p.m, t o  10  
P . P . ~ .  
Microe1emen.t S t o c k  S o l u t i o n .  
Microelement  Compound M i l l i g r a m s / l i t e r  
MnS04 0 4 H20 2.230 
ZnS04 0.287 
Na2M004 2 H20 25.000 
COC12 0.146 
KBr 0.119 
K I  0.083 
CdSO4 0.154 
NiC12 6 H20 0.198 
0.020 '2'4 
A12(SOb)3X2S04 24 H20 0.474 
Na 2WO4 0.033 
Cul tur e C ha mber s 
C u l t i v a t i o n  of t h e  t e s t  organism f o r  in.oculum p u r p o s e s  
w a s  c a r r i e d  o u t  i n .  200 m l ,  p r e s c r i p t i o n .  b o t t l e s  equipped  
w i t h  a e r a t o r s  for t h e  s u p p l y  of 5 percen - t  carbon. d i o x i d e .  
Large s c a l e  c u l t u r e s  were grown. i n  e i t h e r  2 l i t e r  Er1en.meyer 
f l a s k s  o r  1 l i t e r  r e c t a n g u l a r  b o t t l e s  equipped w i t h  a e r a t o r s  
( F i g u r e  1). A l l  c u l t u r e  chambers were f i t t e d  w i t h  s t e r i l e  
f i l t e r s  f o r  t h e  s t e r f l i z a t i o n .  of t h e  a i r  e n t e r i n g  t h e  
c u l t u r e s .  I l l u m i n a t i o n .  w a s  provided  by two f o r t y  w a t t  
power groove f l u o r e s c e n t  lamps. The i n t e n s i t y  o f  t h e  
i l l u m i n a t i o n .  f rom t h e  bank of t h e  lamps was 1250 f o o t -  
c a n d l e s .  
F i g u r e  1. Appara tus  f o r  t h e  Large Scale Cultivation of  
A -37 0 A .  - 9 _ _ _ _  flos- 
C u l t u r e  
A blue-green.  a l g a  w a s  i s o l a t e d  from a mixed s t o c k  
c u l t u r e  d e s i g n a t e d  A-37 o h t a i n e d  fCormIi8. l p o d l  o x i d a t i o n .  
pond. The a l g a  was ob ta ined  i n .  u n i a l g a l  c u l t u r e  a n d  p u r i -  
f i e d  by Dr. Rober t  G ,  T i s c h e r 2  (1965) o f  a l l  t h e  b a c t e r i a l  
con taminan t s  which could be d e t e c t e d  by u s u a l  l a b o r a t o r y  
p rocedures .  The a l g a  w a s  s u b s e q u e n t l y  id , en . t i f i ed  a s  
3 Anabaena f l o s - a q u a e  by Dr. G. W, Johnston.  e The a l g a  w a s  - 
d e s i g n a t e d  t h e r e a f t e r  a s  Anabaena - f l o s - a q u a e  A-374 t o  d i s -  
t i n g u i s h  i t  from o t h e r  members o f  t h e  same s p e c i e s .  
The optimum tempera tu re  range  f o r  t h e  c u l t i v a t i o n .  un.der 
l a b o r a t o r y  c o n d i t i o n s  w a s  found t o  be 37-42'C. Figment 
product ion .  i s  suppres sed  a n d  growth o c c u r s  a t  a minimum be- 
low 3 7 ' C .  
t h e r e f o r e ,  a l l  s t u d i e s  wer,e conducted in .  a n  i n c u b a t o r  r e -  
g u l a t e d  a t  40 t 2 ' C .  
Above 42'C b l e a c h i n g  and c e l l  degene ra t ion .  o c c u r ;  
The d u r a t i o n .  of t h e  growth p e r i o d  w a s  
de te rmined  by t h e  purpose  of  t h e  i n d i v i d u a l  exper iment  a n d  
ranged from 3-4 days  f o r  im.oc'ulum c u l t i v a t i o n  f o r  a s  1on.g 
a s  two weeks f o r  p o l y s a c c h a r i d e  product ion. ,  
Assavs f o r  Con.tamin.an.ts 
The s t o c k  c u l t u r e s  of t h e  a l g a  were r o u t i n e l y  examined 
~ ~ 
2Haad, Department of Mic rob io logy ,  M i s s i s s i p p i  S t a t e  
Univer  s i t y  . 
3Head, Department of Botan.y, M i s s i s s i p p i  S t a t e  
4 T h i s  a l g a  i s  n.umber 14-44 in.  t h e  S t a r r  A l g a l  C o l l e c t i o n .  
U n i v e r s i t y  
a t  I n d i a n a  U n i v e r s i t y ,  Bloomin.gton., I n d i a n a .  
1% 
f o r  t h e  p r e s e n c e  o f  b a c t e r i a l  con.tamin.an.ts. The inoculum 
was checked 48 hours  be fo re  u s e  a n d  t h e  cu l ture  w a s  checked 
a t  t h e  t e r m i n a t i o n  of t h e  growth  p e r i o d .  All contaminated  
c u l t u r e s  were d i s c a r d e d ,  The p rocedure  employed f o r  a s s a y -  
ing t h e  c u l t u r e s  was t h a t  sugges t ed  by T i s c h e r  (1965)  using 
nutr ient  b r o t h ,  D u p l i c a t e  nu t r ien t  b r o t h  t u b e s  were incu -  
ba t ed  a t  room t empera tu re  and 40°C f o r  t h e  d e s i r e d  l e n g t h  
o f  time. In .  some c a s e s  n.utrien.t  a g a r  w a s  employed f o r  t h e  
a s s a y ,  The c r i t e r i o n .  f o r  de t eamin ing  t h e  p u r i t y  of  t h e  
cu l tures  w a s  t h e  absence  of b a c t e r i a l  an.d mold growth in.  
t h e  t e s t  medium, Mic roscop ic  examin.at1on.s were a l s o  con.- 
duc ted  on. t h e  c u l t u r e s .  
P u r i f i c a t i o n .  o f  Con.tamin.ated Cultures 
I_ 
T h e  fol1owin.g p rocedure  was employed whenever i t  was 
d e s i r e d  t o  p u r i f y  a working cu l tu re  which  had become a c c i -  
d e n t a l l y  c0n.tamin.a t e d .  The p u r i f i c a t i o n .  medium c o n s i s t e d  
of  t h e  b a s a l  medium w i t h  0 , O l  p e r c e n t  KN03 an.d 1.5 p e r c e n t  
a g a r  which  w a s  poured i n t o  s t e r i l e  p e t r i  p l s b e s .  Di1ut ion.s  
of t h e  a l g a ,  p r e p a r e d  w i t h  s t e r i l e  d i s t z l l e d  w a t e r ,  were 
a p p l i e d  t o  t h e  s u r f a c e  o f  t h e  s o l i d i f i e d  medium in.  one o f  
two ways: (1) s t r e a k e d  w i t h  a b a c t e r * i o l o g i c a l  l o o p  o r  ( 2 )  
sp read  over  t h e  s u r f a c e  w i t h  a curved  g l a s s  rod .  The p l a t e s  
were i n v e r t e d  an.d i n c u b a t e d  a t  4 @ C e  Every  24 hours ,  t h e  
p l a t e s  were examined f o r  a l g a l  growth,  When. growth  had 
o c c u r r e d ,  i s o l a t e d  c o l o n i e s  o r  f i l a m e n t s  were p i cked  using 
a low power, wide f i e l d  microscope a n d  s t e r i l e  P a s t e u r  
p i p e t t e s .  The i s o l a t e s  were p l aced  in.  t e s t  t u b e s  con.tain.in.g 
1 0  m l ,  o f  t h e  b a s a l  medium a n d  i n c u b a t e d .  A f t e r  growth 
occur red ,  t h e  t u b e s  were checked f o r  p u r i t y  a s  p r e v i o u s l y  
d e s c r i b e d ,  In. t h i s  c a s e  t h e  tubes  o f  n u t r i e n t  b r o t h  were 
i n c u b a t e d  f o r  a week b e f o r e  d e t e r m i n i n g  t h e  p u r i t y  of  t h e  
i s o l a t e ,  
Dry Weight D e t e r m i n a t i o n s  
C e l l u l a r  d r y  w e i g h t s  were o b t a i n e d  by f i l t e r i n g  1 0  
o r  15 ml. o f  a uniform c e l l  suspens ion .  which w a s  o b t a i n e d  
by b l e n d i n g  t h e  c u l t u r e  in. a Waring Blendor f o r  30 seconds  
on to  an. a s b e s t o s  m a t  i n .  t a r e d  Gooch c r u c i b l e s .  The 
c r u c i b l e s  were d r i e d  a t  105OC a t  a tmosphe r i c  p r e s s u r e  f o r  
24 hours ,  A l l  w e i g h t s  were obbained u s i n g  a f o u r  p l a c e  
ba l ance .  
C e l l  Count D e t e r m i n a t i o n s  -
The popu la t ion .  o f  some a l g a l  c u l t u r e s  w a s  e s t i m a t e d  
w i t h  c e l l  c o u n t s ,  These c o u n t s  were o b t a i n e d  With a 
Howard mold  c o u n t i n g  chamber by c o u n t i n g  a s u f f i c i e n t  
number o f  f i e l d s  t o  p r o v i d e  a r e p r e s e n t a t i v e  e s t i m a t e  o f  
c e l l s ,  Cel l s /ml ,  were o b t a i n e d  by m u l t i p l y i n g  t h e  average  
number o f  c e l l s / f i e l d  by a microscope f a c t o r  c a l c u l a t e d  
f o r  4.50 X m a g n i f i c a t i o n  (Mickelson ,  Davis  a n d  T i s c h e r ,  1 9 6 7 ) ,  
P o l y s a c c h a r i d e  P r  o c e d u r a s  
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E x t r a  c t ion. 
The e x t r a c e l l u l a r  p o l y s a c c h a r i d e  was obtain.ed from 
t h e  spent medium a t  t h e  t e r m i n a t i o n  of' t h e  growth p e r i o d  
w h i c h  was u s u a l l y  lO-'L!+ days (Figure 2 ) .  T h e  c e l l s  were 
removed from t h e  medium by f i l t r a t i o n .  and c e n . t r i f u g a t i o n .  
and t h e n  suspended in. d i s t i l l e d  w a t e r  f o r  t h e  e x t r a c t i o n .  
of  a d h e r e n t  p o l y s a c c h a r i d e .  Af te r  c e n t r i f u g a t i o n .  o f  t h e  
c e l l s ,  t h e  s u p e r n a t a n t  was combined w i t h  t h e  s p e n t  medium(2) 
and f i l t e r e d ,  The f i l t r a t e  w a s  concen . t ra ted  t o  o n e - t e n t h  
t h e  o r i g i n a l  volume in. a Buchner f l a s h  r o t a r y  e v a p o r a t o r  a t  
60°C. The p o l y s a c c h a r i d e  was p r e c i p i t a t e d  w i t h  t h e  a d d i t i o n .  
of 2 volumes of a b s o l u t e  e t h y l  a l c o h o l  (Lewin., 1956; Moore 
a n d  T i s c h e r ,  1 9 6 5 ) -  i 
The washed c e l l s  were suspended in .  d i s t i l l e d  w a t e r  an.d 
1 volume a f  1 0  p e r c e n t  t r i c h l o r o a c e t i c  a c i d  was added. 
T h e  mixture was r e f r i g e r a t e d  o v e r n i g h t ,  T h e  c e l l s  were 
removed by cen . t r i fuga  t i o n  and d i s c a r d e d .  T h e  s u p e r n a t a n t  
was f i l t e r e d  an.d d i a l y z e d  a g a i n s t  d i s t i l l e d  w a t e r  in .  t h e  
c o l d  f o r  2 4  hours .  T h e  p o l y s a c c h a r i d e  w a s  p r e c i p i t a t e d  
w i t h  a l c o h o l  a s  p r e v i o u s l y  d e s c r i b e d .  Th i s  p o l y s a c c h a r i d e  
i s  r e f e r r e d  t o  a s  t h e  TCA-polysaccharide.  
P u r i f i c a t i o n .  
The p u r i f i c a t i o n .  p rocedure  c o n s i s t e d  of  disso1vin.g t h e  
p r e c i p i t a t e d  p o l y s a c c h a r i d e  in.  d i s t i l l e d  w a t e r  a n d  p r e c i p -  
i t a t i n g  w i t h  2 volumes of  a l c o h o l  and r e p e a t i n g  t h e  p r o c e s s  
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F i g u r e  2, Scheme f o r  t h e  E x t r a c t i o n .  of  P o l y s a c c h a r i d e s  - 
f rom A .  f l o s - a q u a e  A-37.  - -  
22 
s e v e r a l  times. 
A f t e r  p u r i f i c a t i o n . ,  t h e  p o l y s a c c h a r i d e  w a s  d r i e d  - in.
vacuo a t  room t empera tu re  a n d  ground t o  a f i n e  powder, 
Q u a n t i t a t i v e  Determina t i0n.s  
E x t r a c e l l u l a r  p o l y s a c c h a r i d e  product ion .  was q u a n t i -  
t a t e d  using t h e  p h e n o l - s u l f u r i c  a c i d  method a s  d e s c r i b e d  
by Montgomery (1961). The sample was e i t h e r  t h e  spent 
medium o r  t h e  p r e c i p i t a t e d  p o l y s a c c h a r i d e  from 10 ml. of 
t h e  s p e n t  medium d i s s o l v e d  in .  5 m l .  o f  d i s t i l l e d  w a t e r .  
The q u a n t i t y  of p o l y s a c c h a r i d e  was expres sed  in. terms of 
g l u c o s e  e q u i v a l e n t s .  
Q u a n t i t a t i v e  d e t e r m i n a t i o n  of f r e e  r e d u c i n g  s u g a r s  
and mon.omers i n  t h e  h y d r o l y z a t e s  was accomplished w i t h  
Somogyi 's  a rseaomolybdate  r e a g e n t  a s  d e s c r i b e d  by Nelson. 
(1944). 
S tanda rd  c o n c e n t r a t i o n .  c u r v e s  were p repa red  u t i l i z i n g  
r e a g e n t  g r a d e  d-D-glucose.  
H y d r o l y t i c  P rocedures  
Cleavage of t h e  p o l y s a c c h a r i d e  w a s  e f f e c t e d  w i t h  I - N 
a t  100°C f o r  6 hours  in.  s e a l e d  t u b e s  using 4 m l .  o f  
I I 
H S O  2 4  
t h e  a c i d  f o r  e a c h  50 mg. o f  t h e  d r i e d  p u r i f i e d  e x t r a c e l l u l a r  
p o l y s a c c h a r i d e ,  The h y d r o l y z a t e s  were n e u t r a l i z e d  w i t h  
s o l i d  BaCO3 t o  t h e  p o i n t  where t h e  Congo r e d  i n . d i c a t o r  
changed c o l o r  . The BaSO was removed by c e n t r i f u g a t i o n .  
and t h e  s u p e r n a t a n t  was f i l t e r e d .  The h y d r o l y z a t e s  were 
4 
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then. concen . t ra ted  t o  abou t  0.5 m l .  in vacuo a t  below 40°C. 
Chromatographic Techniques (Kowkabany, 1954) 
The components of t h e  p o l y s a c c h a r i d e  h y d r o l y z a t e  were 
r e s o l v e d  u s i n g  e i t h e r  one o r  two d imens iona l  paper  ch ro -  
matography, Sugar  s t a n d a r d s  were p r e p a r e d  a t  a con.cen.- 
t r a t i o n .  of 0.5 perc 'ent  in. 10 percen.t  i s o p r o p y l  a l c o h o l .  
For one d imens iona l  chromatography t h e  s t a n d a r d s  were 
s p o t t e d  on  t h e  same s h e e t  w i t h  t h e  hydro lyza te s .  Develop- 
ment f o r  b o t h  t y p e s  of  chromatography w a s  con.ducted a s  
descending  chromatography in .  chroma t o g r a p h i c  c a b i n e t s  a t  
room t empera tu re .  Af t e r  deve1opmen.t and d r y i n g  a t  room 
t empera tu re  in. a fume hood equipped w i t h  a blower,  t he  
chromatograms were sprayed  w i t h  a d e t e c t i o n .  r e a g e n t .  
Paper  
The chromatographic  a n a l y s e s  were conducted on. 46 x 
57 c e n t i m e t e r  s h e e t s  o f  Whatman. number one chromatographic  
S o l v e n t  Systems 
S o l v e n t  A :  f heno l -Wate r -Sa tu ra t ed  (Block,  Durrum and 
Zweig, 195%) 
The s o l v e n t  w a s  p r e p a r e d  by mixing 1.14 m l .  o f  8% per-  
c e n t  l i q u i d  pheno l  w i t h  25 ml. of t a p  wa te r .  The s o l v e n t  
was p r e p a r e d  just  p r i o r  t o  use .  
S o l v e n t  B: Butanol -Acet ic  Acid-Water (Hough, Jones  a n d  
Wadman., 1950)  
1 -But a no1  two volumes 
G l a c i a l  a c e t i c  a c i d  one volume 
D i s t i l l e d  w a t e r  one volume 
So1ven.t C: Butanol-Pyridine-Water  ( B o b b i t t ,  1963) 
1 -But a no1 
Pyr i d in.e 
D i s t i l l e d  wa t e r  
ten.  volumes 
t h r e e  volumes 
t h r e e  volumes 
D e t e c t i o n  Reagents  
Reagent A :  An.ilin,e Hydrogen, P h t h a l a t e  ( P a r t r i d g e ,  1949) 
A n.i l i n e  0.93 gram 
P h t h a l i c  a c i d  1.66 grams 
Wate r - sa tu ra  t e d  1 - b u t a n o l  100,OO m i l l i l i t e r s  
The chromatograms were sprayed  and hea ted  a t  105'C f o r  
about  5 minutes .  P e n t o s e s  gave a b r i g h t  r e d  o r  p i n k  r e a c -  - 
t i o n ,  whereas  hexoses  were i n d i c a t e d  by brown: s p o t s .  
Reagent B: p -An i s id in , e -Ph tha l i c  Acid ( B o b b i t t ,  1963)  
p -A n i  s i d i n e  1.23 grams (0.1 M) 
P h t h a l i c  a c i d  1.66 grams (0 .1  V I  
E t h y l  a l c o h o l  (96  p e r c e n t )  100.00 m i l l i l i t e r s  
The chromatograms were sprayed  and hea ted  a t  105°C f o r  
5 minutes .  T h e  mon,osaccharides cou ld  be d i f f e r e n t i a t e d  
a c c o r d i n g  t o  t h e  c o l o r  r e a c t i o n .  a s  f o l l o w s :  p e n t o s e s - -  r e d  
o r  p i n k ;  hexoses  and me thy lpen toses - -  ye l low t o  brown. and 
u r o n i c  a c i d s - -  p i n k  t o  brown. 
Reagent C: Ninhydrin.  Reagent (Block ,  - e t -*, a 1  1958) 
Nin.hydr i n  ' 0.3 gram 
E t h y l  a l c o h o l  (95 p e r c e n t )  100.0 m i l l i l i t e r s  
The chromatograms were sprayed  and hea ted  a t  105'C 
f o r  1 0  minutes .  Amino sugars gave a p u r p l e  c o l o r  r eac t ion . ,  
- Thin-La y e r  Techniques  ( B o b b i t t ,  1963; S t a h l ,  
1964; Randera t h ,  1963 1 
G l a s s  p l a t e s  e i g h t  i n c h e s  squa re  were sp read  w i t h  
s i l i c a  g e l  G p r e p a r e d  a s  a s l u r r y  in.  0 .1  - N b o r i c  a c i d .  
The t h i c k n e s s  of t h e  l a y e r  was about  0.2 m m .  The p l a t e s  
were a l lowed t o  d r y  a t  room t empera tu re  a f t e r  which t h e y  
were a c t i v a t e d  by h e a t i n g  a t  l l O ° C  f o r  30 minutes .  The 
p l a t e s  were t r a n s f e r r e d  t o  a d e s i c c a t o r  f o r  c o o l i n g  and 
s t o r a g e .  
The s o l v e n t s  a n d  d e t e c t i o n .  r e a g e n t s  employed were  t h e  
same a s  t h o s e  d e s c r i b e d  f o r  pape r  chromatography. 
I d e n t i f i c a t i o n .  - of Suga r s  Detec ted  & Chromatographic 
Tee hnique s 
The i d e n t i t y  o f  t h e  s u g a r  s p o t s  ob ta ined  from t h e  
chroma t o g r a p h i c  an.alyses  o f  t h e  h y d r o l y z a t e s  was determined 
by comparison. w i t h  s t a n d a r d  r e f e r e n c e  suga r s .  The p o s i t i o n .  
o f  t h e  s t a n d a r d  and unknown s u g a r s  on. t h e  chromatogram 
was de te rmined  by measuring t h e  d i s t a n c e  t r a v e l e l  from 
t h e  o r i g i n ,  
v a l u e  o r  t h e  Rglucose va lue .  
t h e  d i s t a n c e  moved by t h e  s u g a r  t o  t h e  d i s t a n c e  t r a v e l e d  
T h i s  p o s i t i o n .  was e x p r e s s e d  a s  e i t h e r  t h e  Rf 
The Rf v a l u e  i s  t h e  r a t i o  of 
by t h e  s o l v e n t  f r o n t  m u l t i p l i e d  by 100. 
i s  t h e  r a t i o  of' t h e  d i s t a n c e  t r a v e l e d  by t h e  sugar  t o  t h e  
The Rglucose  v a l u e  
d i s t a n c e  t r a v e l e d  by g lucose .  
Further conf i rmat ion .  o f  t h e  i d e n t i t y  was o b t a i n e d  by 
p r e p a r i n g  d u p l i c a t e  chromatograms and s p r a y i n g  one t o  s e r v e  
a s  a p a t t e r n .  t o  l o c a t e  t h e  compounds on. t h e  o t h e r  s h e e t .  
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These were c u t  o u t  and e l u t e d  w i t h  d i s t i l l e d  wa te r .  The 
t e n t a t i v e l y  i d e n t i f i e d  compounds were then. chromatographed 
a l o n g s i d e  of t h e  s u s p e c t e d  sugar. Agreement in.  b o t h  c o l o r  
r e a c t i o n  and p o s i t i o n .  w a s  taken. a s  an. i n d i c a t i o n  t h a t  t h e  
compounds were t h e  same. 
F r a c t i o n a t i o n .  Techniques Employed -- f o r  t h e  De termin.a t ion .  
- o f  Homogen.eity 
Method One: (Smi th  a n d  Mohhgomery, 1959)  
Abso lu te  e t h y l  a l c o h o l  was added t o  an. aqueous s o l u t i o n .  
of t h e  e x t r a c e l l u l a r  p o l y s a c c h a r i d e  an.d t h e  r e s u l t i n g  p r e -  
c i p i t a t e  was removed by cen . t r i fuga t ion . .  T h i s  p rocedure  was 
r e p e a t e d  u n t i l  n.0 f u r t h e r  p r e c i p i t a t e  was o b t a i n e d .  Each 
p r e c i p i t a t e  w a s  then. p r e p a r e d  a s  p r e v i o u s l y  d e s c r i b e d .  
Method Two: ( E r s k i n e  a n d  Jones ,  195'6) 
The p o l y s a c c h a r i d e  w a s  p r e c i p i t a t e d  from t h e  concen- 
t r a t e d  s p e n t  medium by p o u r i n g  i n t o  two volumes of a b s o l u t e  
e t h y l  a l c o h o l  c0n.tain.in.g 10  m l .  c o n c e n t r a t e d  H C l / l i t e r  and 
s u f f i c i e n t  i c e  t o  keep t h e  r e a c t i o n .  a t  o r  below room tem- 
p e r a t u r e .  The p r e c i p i t a t e  was washed w i t h  a l c o h o l  t o  remove 
t h e  a c i d  and t h e n  i t  was d i s s o l v e d  in. d i s t i l l e d  w a t e r .  Any 
i n s o l u b l e  m a t e r i a l  w a s  removed 8by cen . t r i fuga t ion . .  An. aqueous 
s o l u t i o n  of c u p r i c  a c e t a t e  ( 7  percent  w/v) was a d d e d  t o  t h e  
aqueous s o l u t i o n  of  t h e  p o l y s a c c h a r i d e ,  dropwise,  u n t i l  
p r e c i p i t a t i o n  occur red .  T h i s  p r e c i p i t a t e  was removed by 
cen . t r i fuga t ion . ,  A d d i t i o n a l  csupric a c e t a t e  s o l u t i o n .  was 
added u n t i l  a maximum c o n c e n t r a t i o n  o f  0.4 p e r c e n t  was 
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reached .  I f  no  p r e c i p i t a t e  formed, then. a b s o l u t e  e t h y l  
a l c o h o l  was added p o r t i o n w i s e  a n d  each p r e c i p i t a t e  was r e -  
moved by c e n t r i f u g a t i o n . .  T h i s  was con.tin.ued u n t i l  n.o f u r t h e r  
p r e c i p i t a t e  formed. Each p r e c i p i t a t e  w a s  t r e a t e d  t o  decompose 
t h e  copper  complex by tw ice  mace ra t ing  i n  a Warin.g Blendor 
w i t h  e t h y l  a l c o h o l  c o n t a i n i n g  5 p e r c e n t  c o n c e n t r a t e d  HC1 
(v/v)  f o r  about  1 minute ,  
e t h y l  a l c o h o l  u n t i l  t h e  washings  gave a n e g a t i v e  t e s t  f o r  
c h l o r i d e  a s  d e t e c t e d  w i t h  a s a t u r a t e d  aqueous s o l u t i o n .  of 
AgN03. The p r e c i p i t a t e s  were then. d r i e d  a s  d e s c r i b e d  p r e -  
v i o u s l y .  
Method Three: 
The p r e c i p i t a t e s  were washed w i t h  
A ,  F rac t ion . a t ion .  of  N e u t r a l  P o l y s a c c h a r i d e s  (Barke r ,  
- e t - O f  a 1  195’7) 
Equal  volumes of 1 0  percent  Cetyltrimethy1ammon.ium 
bromide (Cetav lon . )  ( S c o t t ,  1955) and 1 p e r c e n t  b o r a t e  
b u f f e r ,  pH 8-5’ were added t o  a n  aqueous s o l u t i o n  o f  t h e  
p o l y s a c c h a r i d e  ( Z i t t l e ,  1951), The r e s u l t i n g  p r e c i p i t a t e  
w a s  washed w i t h  w a t e r ,  d i s s o l v e d  in .  2 - N a c e t i c  a c i d  a n d  
poured i n t o  e t h y l  a l c o h o l .  The p r e c i p i t a t e  was washed w i t h  
e t h y l  a l c o h o l  a n d  then. w i t h  pe t ro leum e t h e r  and d r i e d .  
The same p rocedure  w a s  employed using 1 p e r c e n t  b o r a t e  
b u f f e r ,  pH 10. 
Bo Removal of A c i d i c  P o l y s a c c h a r i d e s  (Y0un.g and Adams, 
196.51 
To an. aqueous s o l u t i o n .  o f  t h e  p o l y s a c c h a r i d e  w a s  added 
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l/3 volume of 1 percen. t  Cetavlon. an.d s u f f i c i e n . t  0.5 N NaOH 
t o  make t h e  s o l u t i o n .  b a s i c ,  The p r e c i p i t a t e  w a s  c o l l e c t e d ,  
washed a n d  p l aced  in.  1 0  percent  a c e t i c  a c i d .  S a t u r a t e d  
b o r i c  a c i d  and Cetavlon.  were added t o  t h e  s u p e r n a t a n t  and 
any p r e c i p i t a t e  t h a t  formed was removed. The s u p e r n a t a n t  
I
was t h e n  a c i d i f i e d  t o  pH 4.5 w i t h  g l a c i a l  a c e t i c  a c i d ,  
d i a l y z e d  a g a i n s t  d i s t i l l e d  w a t e r  i n  t h e  co ld  f o r  2 4  hours  
an.d t h e n  poured i n t o  5 volumes o f  a b s o l u t e  e t h y l  a l c o h o l ,  
?he p r e c i p i t a t e  which  had been  d i s s o l v e d  i n  a c e t i c  
a c i d  was r ecove red  a r t ie r  d i a l y s i s  by t h e  p rocedure  d e s c r i b e d ,  
by p o u r i n g  i n t o  4 volumes o f  e t h y l  a l c o h o l .  Each p r e c i p i t a t e  
was then. d r i e d ,  
P r e p a r a t i o n ,  - of  S a l t s  _I- of  t h e  E x t r a c e l l u l a r  Bolysacchari .de 
T h e  d e s i r e d  s a l t  o f  t h e  p o l y s a c o h a r i d e  w a s  p repa red  
by add ing  an. e x c e s s  of t h e  a p p r o p r i a t e  base  t o  an. aqueous 
s o l u t i o n ,  of t h e  p o l y s a c c h a r i d e .  The s a l t  was then. r ecove red  
by p o u r i n g  t h e  r e a c t i o n .  mixture i n t o  2 volumes of  e t h y l  
a l c o h o l ,  T h e  p r e c i p i t a t e  was frJashed w i t h  a l c o h o l  u n t i l  
t h e  washings  were n e u t r a l  t o  l i tmus and then. d r i e d  in.  vacuo 
a t  room t empera tu re .  
-
P r e p a r a t i o n .  -- o f  t h e  A c e t a t @  D e r i v a t i v e  (Wolfrom and Thompson., 
1963 I 
Method One: ( J o n e s  a n d  P a i n t e r ,  1959)  
The p o l y s a c c h a r i d e  was d r i e d  - in. vacuo a t  room temper- 
a t u r e  ove r  s i l i c a  g e l  f o r  3 days ,  t h e n  m i x e d  w i t h  f i n e l y  
ground anhydrous z i n c  c h l o r i d e  (1 gram/S grams po lysaccha r ide )*  
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G l a c i a l  a c e t i c  a c i d  (100 rnl,/S grams p o l y s a c c h a r i d e )  was 
added and t h e  mix tu re  was hea ted  a t  8O’C f o r  4 hours .  
mixture was then. c o n c e n t r a t e d  t o  1/2 volume and poured 
The 
i n t o  a l a r g e  e x c e s s  o f  i c e - c o l d  w a t e r .  The p r e c i p i t a t e  
w a s  c o l l e c t e d ,  washed by d e c a n t a t i o n .  an.d d i s s o l v e d  in.  
ch loroform,  T h e  ch loroform s o l u t i o n .  w a s  d r i e d  w i t h  s o l i d  
Na2S04, f i l t e r e d  through d e c o l o r i z i n g  c h a r c o a l ,  a g i t a t e d  
w i t h  i c e - c o l d  - N N a 2 C O 3  in.  a W a r i n g  Blendor f o r  3 minutes  
a n d  poured i n t o  a s e p a r a t o r y  fun.n.el, The ch loroform l a y e r  
w a s  twice  more t r e a t e d  a s  d e s c r i b e d ,  then. washed w i t h  w a t e r  
a n d  d r i e d  w i t h  Na S O  The ch loroform l a y e r  was then. poured 
i n t o  S k e l l y s o l v e  By t h e  r e s u l t i n g  p r e c i p i t a t e  c o l l e c t e d ,  
2 4. 
washed w i t h  S k e l l y s o l v e  B and a i r  d r i e d .  
Method Two: (Car son  a n d  Maclay, 1946; Young and Adams,  1965) 
The d r i e d  p o l y s a c c h a r i d e  (1 gram) was d i s p e r s e d  in.  
formamide (10 ml.) in. a f l a s k  f i t t e d  w i t h  a thermometer and 
s e p a r a t o r y  f u n n e l  and c0n.tain.in.g a magnet ic  s t i r r i n g  b a r ,  
The mix tu re  w a s  s t i r r e d  a t  45-50°C f o r  1 hour. P y r i d i n e  
( 9  m l . )  w a s  added i n .  s m a l l  amounts over  a 30 minute  p e r i o d  
w i t h  v i g o r o u s  s t i r r ing a t  4 5 - 5 O ” C  and t h e n  coo led  t o  30°C. 
A c e t i c  anhydr ide  (5.2 m l . )  w8s added i n .  4 por t i0n . s  ove r  8 
p e r i o d  of 4 hours ,  then. t h e  mixture was s t i r r e d  a t  30’C f o r  
5 hours  and a l lowed t o  s t a n d  o v e r n i g h t  a t  room t empera tu re .  
The mix tu re  w a s  then. poured i n t o  800 m l .  of  2 p e r c e n t  HC1 
(v /v)  c o n t a i n i n g  abou t  100 grams of chopped i c e .  The mix tu re  
was s t i r r e d  f o r  a n  h o u r a n d  f i l t e r e d  w i t h  t h e  a i d  o f  vacuum, 
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The p r e c i p i t a t e  was washed w i t h  c o l d  0,s p e r c e n t  H C l  (v /v)  
a n d  4 t imes  w i t h  d i s t i l l e d  w a t e r  a n d  p l aced  in.  d i s t i l l e d  
w a t e r  (I l i t e r )  o v e r n i g h t ,  The p r e c i p i t a t e  was r ecove red  
by f i l t r a t i o n ,  washed w i t h  d i s t i l l e d  w a t e r  a n d  d r i e d  _I in. 
vacuo over  s o l i d  NaOH a t  room tempera ture .  
For r e - e s t e r i f i c a t i o n  t h e  m a t e r i a l  w a s  p l aced  in. a 
f l a s k  con.tain.in.g p y r i d i n e  '(25 m l .  ) and a c e t i c  anhydr ide  
(4 m l . )  and a l lowed t o  s t a n d  a t  room t empera tu re  f o r  5 days.  
The e s t e r  was i s o l a t e d  by p o u r i n g  t h e  mix tu re  i n t o  S k d l l y r  
s o l v e  B (200 m l . ) ,  The p r e c i p i t a t e  w a s  f i l t e r e d ,  washed 
s e v e r a l  t imes  w i t h  pe t ro l eum e t h e r ,  suspended i n  1 p e r c e n t  
HC1 (v/v)  and s t i r r e d  f o r  s e v e r a l  hours  a t  room t empera tu re .  
The p r e c i p i t a t e  was r e c o v e r e d  by f i l t r a t i o n .  and washed w i t h  
d i s t i l l e d  w a t e r  u n t i l  f r e e  o f  c h l o r i d e  and d r i e d  a s  p r e v i o u s l y  
d e s c r i b e d .  The p r e c i p i t a t e  was suspended in. d ioxane  and 
t h e n  poured  i n t o  S k e l l y s o l v e  B ( 3  volumes).  The p r e c i p i t a t e  
was f i l t e r e d ,  washed w i t h  pe t ro l eum e t h e r  and d r i e d  _. in. vacuo 
a t  room t empera tu re ,  
L_ Disc  E l e c t - r o p h o r e s i s  Techniques  ( C l a r k ,  1964) 
Stock  rirm S o l u t i o n s  
S o l u t i o n .  A 
Acrylamide (Eastiman.# 5521) 
N, N' -Methylen .eb isacry lamide  
D i s t i l l e d  w a t e r  
(Eastman. # 8383) 
30,O grams 
1.0 gram 
123.0 m i l l i l i t e r s  
S o l u t i o n .  B 
N -Te t r ame thy le thy len . ed iamine  4 
(Eastman. # 8178) 0.28 % v/v 
S o l u t i o n  C 
Glyc ine  29.0 grams 
T r  i s  ( hydroxyme t hy1)amin.o methane 6.0 grams 
D i s t i l l e d  w a t e r  980.0 m i l l i l i t e r s  
S o l u t i o n  D 
Ammonium per sulf a t e  0.14 % w/v 
The s t o c k  s o l u t i o n s  were s t o r e d  in .  4 oun,ce brown 
p o l y e t h y l e n e  b o t t l e s  a n d  were mixed in .  t h e  r a t i o  of  2 p a r t s  
A ,  1 p a r t  each  of B and C and 4 p a r t s  D just  b e f o r e  use. 
Th i s  r a t i o  gave a g e l  w i t h  a 5 p e r c e n t  ac ry lamide  concen- 
t r a t i o n .  
E l e c t r o l y t e  So lu t ion .  
Glyc ine  29.0 grams 
T r  i s  ( hydr oxyme t h y l  )a mino me thane  6.0 grams 
1 N H C 1  5.0 m i l l i l i t e r s  
D i y t i l l e d  w a t e r  975.0 m i l l i l i t e r s  
The f i n a l  pH should  be 8.1; t h e r e f o r e ,  i f  nec e s s a r y  , 
t h e  amount of a c i d  can. be a d j u s t e d  t o  p r o v i d e  t h e  c o r r e c t  
pH. The s t o c k  s o l u t i o n  w a s  s t o r e d  in. t h e  r e f r i g e r a t o r  in .  
a brown p o l y e t h y l e n e  b o t t l e .  The s o l u t i o n .  was d i l u t e d  
1210  w i t h  d i s t i l l e d  w a t e r  j u s t  p r i o r  t o  use .  
P r  oc e du ra  s 
The g l a s s  columns (6.5 cm,.lon.g) were cut from g l a s s  
t u b i n g  w i t h  an. i n s i d e  d i a m e t e r  o f  0.6 cm. The e n d s  were n o t  
f i r e  p o l i s h e d  s i n c e  t h i s  had a tendency  t o  make t h e  ends  
sma l l e r  in .  d i a m e t e r  and h inde red  t h e  removal of  t h e  g e l s .  
The e n d s  were f i l e d  where n e c e s s a r y  t o  g i v e  a smooth,even. 
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end. The column h o l d e r s  c o n s i s t e d  of  serum s t o p p e r s  which 
were cu t  o f f  s u c h  t h a t  a rim of abou t  3/8 in.. remained. 
The then. in .ver ted  serum s t o p p e r s  s e r v e d  b o t h  a s  a base  f o r  
t h e  g l a s s  columns and a s  a suppor t  f o r  t h e  columns ( F i g u r e  
31. 
Before  use, t h e  g l a s s  columns were washed w i t h  a d e -  
t e r g e n t  and f i n e l y  b r i s t l e d  brush ,  then. r i n s e d  tho rough ly  
w i t h  t a p  w a t e r ,  and s e v e r a l  times w i t h  d i s t i l l e d  w a t e r .  
The co1umn.s were d r a i n e d  a g a i n s t  a b s o r b e n t  pape r  and 
p l a c e d  in. a c o a t i n g  s o l u t i o n .  (Canalco  #3-411) for a t  l e a s t  
15 minutes  a f t e r  which t h e y  were a l lowed t o  a i r  dry.  
The r e q u i r e d  amount o f  g e l  s o l u t i o n  was p r e p a r e d  i m -  
m e d i a t e l y  b e f o r e  u s e  and 1.5 m l ,  were added t o  each  column. 
i n s e r t e d  in.  t h e  column. h o l d e r ,  Immedia te ly ,  t h e r e a f t e r ,  
t h e  g e l  s o l u t i o n .  w a s  c a r e f u l J y  l a y e r e d  w i t h  d i s t i l l e d  
w a t e r  ( abou t  5 m m , )  using a P a s t e u r  p i p e t t e .  The w a t e r  
s e r v e d  t o  exc lude  t h e  a i r  s o  t h a t  chemica l  po lymer i za t ion .  
cou ld  occur  a n d  t o  p r e v e n t  t h e  format ion .  o f  a curved sur- 
f a c e  on. t h e  g e l ,  The po lymer i za t ion .  o c c u r r e d  in. a b o u t  30 
minutes during which time i t  w a s  imp0rtan. t  n o t  t o  d i s t u r b  
t h e  columns, Before  p r o c e e d i n g  f u r t h e r ,  t h e  w a t e r  was 
shaken. ou t  of t h e  co1umn.s. It was found t h a t  a s u p p l y  of  
g e l  columns cou ld  be p r e p a r e d  t o  t h i s  p o i n t  a n d  s t o r e d ,  
l a y e r e d  w i t h  w a t e r ,  in.  t h e  r e f r i g e r a t o r  f o r  s e v e r a l  days  
w i t h o u t  n o t i c a b l e  changes  in .  t h e  e l e c t r o p h o r e t i c  p r o p e r t i e s ,  
I 
Figure 3. Glass Columns and Column. Supports Employed 
in Disc Electrophoresis, 
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The p o l y s a c c h a r i d e  sample was a d d e d  t o  an  e q u a l  volume 
of 1 0  p e r c e n t  s u c r o s e  and 0.2 ml. was added t o  e a c h  of t h e  
p repa red  columns. The s u c r o s e  w a s  employed t o  i n c r e a s e  
t h e  d e n s i t y  of t h e  sample s u c h  t h a t  a min.imum of mixing 
would occur  when t h e  column was completed.  The columns 
were completed by adding ,  v e r y  c a r e f u l l y ,  a q u a n t i t y  of  
f r e s h l y  p r e p a r e d  g e l  s o l u t i o n  suf f ' i c ien . t  Co f i l l  t h e  column. 
and a l l o w  an. e x c e s s  on. t h e  top.  The columns were then. 
s e a l e d  by p l a c i n g  a v e r y  s m a l l  s q u a r e  of  p l a s t i c  wrap on. 
t h e  t o p  of  each column. w i t h o u t  t h e  formation.  o f  a i r  bubbles .  
If bubb les  formed, i t  was n e c e s s a r y  t o  remove t h e  w r a p ,  add 
more g e l  s o l u t i o n .  a n d  p l a c e  a f r e s h  p i e c e  of wrap on t h e  
column.. T h e  co1umn.s must be  s e a l e d  w i t h i n .  1 0  minutes  of  
p r e p a r i n g  and addin.g t h e  g e l  so lu t ion . .  P o l y m e r i z a t i o n  
occur red  in.  abou t  30 minutes  and i t  was imp0rtan.t  t h a t  
t h e  columns n o t  be d i s t r u b e d  d u r i n g  t h i s  time. 
The e l e c t r o p h o r e s i s  chamber c o n s i s t e d  of  a p l a s t i c  
c y l i n d e r  ( a b o u t  5 in.. in .  d i ame te r  an.d about  10 in.. h i g h )  
w i t h  a l u c i t e  p a r t i t i o n .  d i v i d i n g  t h e  c y l i n d e r  i n t o  2 e q u a l  
p a r t s  ( F i g u r e  4, A ) ,  The p a r t i t i o n  had 8 h o l e s  d r i l l e d  
around t h e  o u t e r  p e r i m e t e r  and a h o l e  in.  t h e  c e n t e r .  The 
h o l e s  were of  t h e  s i z e  t o  accommodate a n.umber 2 r u b b e r  
s t o p p e r .  The completed columns were i n s e r t e d  i n t o  number 
2 r u b b e r  s t o p p e r s  such  t h a t  t h e  sample en.d w a s  even. w i t h  
the .  s m a l l e r  e n d  o f  t h e  s t o p p e r .  T h e  columns were t h e n .  p l a c e d  
i n .  t h e  p a r t i t i o n .  such t h a t  t h e  sample e n d  ex tended  i n t o  t h e  
, 
Figure Disc Electrophoresis Chamber (A ) a n d  Chamber 
Holder (B) Employed in. Disc Electrophoresis, 
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upper chamber, The upper  p a r t  o f  t h e  c y l i n d e r  chamber 
se rved  a s  t h e  upper  b u f f e r  r e s e r v o i r .  T h e  c y l i n d e r  w a s  
s e t  i n t o  a g l a s s  v e s s e l  which s e r v e d  a s  t h e  lower  b u f f e r  
r e s e r v o i r  ( F i g u r e  4, B) .  The anode was i n s e r t e d  i n t o  t h e  
lower compartment v i a  t h e  c e n t e r  opening  which c o n t a i n e d  
a r u b b e r  s t o p p e r  f i t t e d  w i t h  g l a s s  t u b i n g  which s e r v e d  bo th  
t o  suppor t  a n d  t o  p r o t e c t  t h e  e l e c t r o d e .  The ca thode  was 
wrapped around t h e  g l a s s  t u b i n g  i n  t h e  c e n t e r  o f  t h e  upper  
compartment, F i v e  hundred m i l l i l i t e r s  of  t h e  d i l u t e d  e l e c -  
t r o l y t e  s o l u t i o n  were poured i n t o  e a c h  compartmen.t. E l e c -  
t r o p h o r e s i s  was conducted a t  a c u r r e n t  of  e i t h e r  4 o r  5 
m i l l i a m p e r e s  p e r  g e l  w i t h  a maximum of  7 gels / run.  f o r  t h e  
d e s i r e d  l e n g t h  of t ime using a h igh  v o l t a g e  power s u p p l y  
( F i g u r e  5). The e i g h t h  hale w a s  equipped w i t h  a r u b b e r  
s t o p p e r  i n t o  which a thermometer could  be i n s e r t e d  for 
moni to r ing  t h e  t e m p e r a t u r e  changes  i f  d e s i r e d .  
P rocedures  f o r  S t a i n i n g  t h e  Gels - --
A f t e r  e l e c t r o p h o r e s i s  t h e  g e l s  were c a r e f u l l y  removed 
from t h e  columns w i t h  t h e  a i d  of a l o n g  19 gauge n e e d l e  
( r e f e r  t o  F i g u r e  3 )  which was used t o  r i m  t h e  g e l s  a n d  t o  
i n j e c t  w a t e r  d u r i n g  t h e  r imming p r o c e s s  t o  f a c i l i t a t e  t h e  
removal of  t h e  g e l s .  The g e l s  were t h e n  p l aced  in.  i n d i v i d -  
u a l  t e s t  t u b e s  and rinsed w i t h  d i s t i l l e d  w a t e r ,  p r i o r  t o  
s t a i n i n g ,  i n  o r d e r  t o  remove any r e s i d u a l  sample. 
P o l y s  a c c ha r i d e S t a in.in.g 
For  p o l y s a c c h a r i d e  s t a i n i n g  t h e  g e l s  were p l a c e d  in.  an. 
F i g u r e  5. High Voltage Power Supply U t i l i z e d  i n  Disc 
Elec tr ophor e s i s . 
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e x c e s s  of t h e  0xid iz in .g  s o l u t i o n  (1 p e r c e n t  p e r i o d i c  a c i d  in.  
3 p e r c e n t  aqueous a c e t i c  a c i d ,  C l a r k ,  1 9 6 4 )  f o r  1 hour a f t e r  
which t h e  g e l s  were r i n s e d  w i t h  and l e a c h e d  w i t h  d i s t i l l e d  
w a t e r  f o r  1 hour. Then. t h e  ge ls  were submerged in.  S c h i f f ' s  
r e a g e n t  ( C l a r k ,  1964) in .  t h e  r e f r i g e r a t o r  u n t i l  t h e  bands 
appeared- -about  2 hours ,  The gels were r in sed  w i t h ,  a n d  
s t o r e d  in., a s o l u t i o n .  con.s is t in .g  of  1 p e r c e n t  aqueous sodium 
m e t a b i s u l f i t e ,  A modi f ied  s t a i n i n g  t echn ique  f o r  p o l y s a c -  
c h a r i d e s  h a s  been d e s c r i b e d  by Stewart-Tu11 (1965). 
Pr o t e in .  S t a in.in.g 
For  p r o t e i n .  s t a i n i n g  t h e  g e l s  were p l a c e d  i n  an. amido 
b l a c k  r e a g e n t  ( I  p e r c e n t  amido b l a c k  in.  7 p e r c e n t  abueous 
a c e t i c  a c i d ,  Davis ,  1964)  f o r  a t  l e a s t  an. hour ,  p r e f e r a b l y  
f o r  3 o r  4 hours .  The g e l s  were r i n s e d  w i t h  a n d  then. l e a c h e d  
w i t h  a 7 p e r c e n t  aqueous a c e t i c  a c i d  s o l u t i o n .  u n t i l  n.0 f u r t h e r  
s t a i n  was removed, A l t e r n a , t i v e l y ,  t h e  s t a i n .  was retnoved 
e l e c t r o p h o r e t i c a l l y  using t h e  a c e t i c  a c i d  s o l u t i o n .  a s  thd  
e l e c t r o l y t e  and a c u r r e n t  o f  12 mA/gel f o r  about  15 minutes .  
I n f r a - r e d  S p e c t r o p h o t o m e t r i c  Techniques  (Barke r ,  Bourne and 
Whiffen., 1956; W i l l a r d ,  M e r r i t  t a n d  Dean., 1965; Tipson., 1968; 
Spedding,  1964; Kuhn., 1950) 
I n f r a - r e d  a n a l y s e s  o f  t h e  p o l y s a c c h a r i d e s  and f r a c t i o n . s  
were performed by a p p l y i n g  aqueous s o l u t i o n s  t o  t h e  s u r f a c e s  
o f  s i l v e r  c h l o r i d e  windows. The s o l u t i o n s  were d r i e d  w i t h  
a n  i n f r a - r e d  lamp. All measuremen.ts were made w i t h  a P e r k i n -  
Elmer Model 137 In f r a - r ed  Spec t ropho tomete r ,  
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V i s c o s i t y  Measurements ( D a n i e l s ,  & Gos 1962) 
The v i s c o s i t y  of t h e  aqueous so1ut ion.s  o f  t h e  e x t r a -  
c e l l u l a r  and t h e  TCA e x t r a c t e d  p o l y s a c c h a r i d e  w a s  de te rmined  
w i t h  an. Ostwald-Fenske v i s c o s i m e t e r .  The time was de te rmined  
w i t h  a Meylan. s topwatch  c a l i b r a t e d  t o  0.5 second,  A l l  tem- 
p e r a t u r e  measurements were made using t h e  F a h r e n h e i t  s c a l e .  
The s p e c i f i c  g r a v i t y  of  t h e  s o l u t i o n s  was determined w i t h  a 
hydrometer and t h e  d e n s i t y  o b t a i n e d  by c o n v e r t i n g  w i t h  t h e  
a i d  of t a b l e s  (ASTM-IP,l952). 
- Film Format ion  ( W h i s t l e r  and Smart,  1953) 
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A f i l m  o f  t h e  p o l y s a c c h a r i d e  w a s  o b t a i n e d  by c a s t i n g  a 
t h i n  s h e e t  of a n  aqueous s o l u t i o n .  of t h e  e x t r a c e l l u l a r  p o l y -  
s a c c h a r i d e  on  a g l a s s  p l a t e  and a l l o w i n g  i t  t o  d r y  a t  room 
t empera tu re ,  
O p t i c a l  A c t i v i t y  ( D a n i e l s ,  - e t  - . y  a 1  1962) 
The o p t i c a l  r o t a t i o n .  o f  t h e  p o l y s a c c h a r i d e  was d e t e r -  
mined on. aqueous s o l u t i o n s  of  t h e  n a t u r a l  a c i d i c  form and 
t h e  sodium s a l t .  The d e t e r m i n a t i o n s  were made on. a sac-  
c h a r i m e t e r ,  using a 100 mm. t ube  a t  room tempera ture .  T h e  
r e a d i n g s  were in.  a n g u l a r  deg rees ,  
EXPERIMENTAL RESUZTS AND DISCUSSION 
E x t r a c e l l u l a r  P o l y s a c c h a r i d e  Product ion .  - i n Re la t ion .  - t o  
P o p u l a t i o n  Growth 
To de te rmine  p o l y s a c c h a r i d e  product ion .  i n .  r e l a t i o n .  t o  
popu la t ion .  growth i n  A ,  - -  f l o s - a q u a e  A-37, t h e  organ.ism was 
grown. in.  t h e  b a s a l  medium p l u s  KNO (1 g r a m / l i t e r ) .  Dupli- 
c a t e  l a r g e  c u l t u r e s  were s e t  u p - a n d  samples  were a s e p t i c a l l y  
removed a t  v a r i o u s  t imes  f o r  t h e  de t e rmina t ion .  of  c e l l u l a r  
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d r y  weight  and p o l y s a c c h a r i d e  product ion . ,  The amount of  
p o l y s a c c h a r i d e  w a s  determined by t h e  p h e n o l - s u l f u r i c  a c i d  
method u t i l i z i n g  t h e  s u p e r n a t a n t  o b t a i n e d  a f t e r  f i l t e r i n g  
t h e  c u l t u r e  sample on to  t h e  a s b e s t o s  mat in.  t h e  t a r e d  Gooch 
c r u c i b l e .  Each d e t e r m i n a t i o n  was done i n  d u p l i c a t e  and then. 
averaged  f o r  t h e  two c u l t u r e s .  These r e s u l t s  a r e  shown. in. 
F i g u r e  6. The popu la t ion .  growth  i s  shown. a s  a 1in.ear  r e -  
g r e s s i o n .  ( c u r v e  11, An.alysis  of  v a r i a n c e  i n d i c a t e d  t h a t  t h e  
r e g r e s s i o n  was h i g h l y  s ign . i f i can . t ,  A t  t h e  f i n a l  sampl ing ,  
a f t e r  307 hours  o r  a lmos t  13 days of  growth,  t h e  p o l y s a c -  
c h a r i d e  p r o d u c t i o n  h a d  reached  250 mg,/l, ( c u r v e  2 )  a n d  t h e  
popu la t ion .  growth a s  e x p r e s s e d  i n ,  c e l l u l a r  d r y  weight  
( c u r v e  1) had ireached 1 .12  gm,/l, 
even. a f t e r  a lmos t  1-3 days  of  c u l t i v a t i o n ,  t h e  c u l t u r e s  have 
n o t  e n t e r e d  a s t a t i o n a r y  phase  o f  growth. The p o l y s a c c h a r i d e  
p r o d u c t i o n  a p p e a r s  t o  be d i r e c t l y  r e l a t e d  t o  t h e  c e l l u l a r  
an.d popu la t ion .  growth  s i n c e  product ion .  o c c u r s  th roughout  
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t h e  growth  p e r i o d ,  The r a t i o  of  p o l y s a c c h a r i d e  produced t o  
t h e  c e l l u l a r  d r y  weight  i s  p r e s e n t e d  in.  curve  3. The r a t i o  
i s  t h e  g r e a t e s t  a t  t h e  begin.n.in.g o f  t h e  sampling p e r i o d  
p robab ly  because t h e  c u l t u r e s  a r e  coming o u t  of  t h e  l a g  
phase.  A s  t h e  popu la t ion .  i n c r e a s e s  t h e  r a t i o  d rops  t o  i t s  
lowes t  v a l u e  a t  abou t  6 days.  The r a t i o  beg ins  t o  in .c rease  
about  t h e  seven th  day and a d e f i n i t e  upward t r end  i s  a p p a r e n t  
a t  t h e  te rmin .a t ion  of  c u l t i v a t i o n , ,  I t  may be s p e c u l a t e d  t h a t  
t h e  r a t i o  would r e a c h  a maTimurn d u r i n g  t h e  s t a t i o n a r y  phase .  
- The E f f e c t  - of Var iqus  Nitrogen.  Sources  - on. E x t r a c e l l u l a r  
P o l y s a c c h a r i d e  P r o d u c t i o n  
The e f f e c t  of v a r i o u s  n i t r o g e n  s o u r c e s  on. t h e  product ion .  
of e x t r a c e l l u l a r  p o l y s a c c h a r i d e  by A .  f l o s - a q u a e  4-37 was 
determined by growing t h e  organism in. t h e  b a s a l  medium p l u s  
a v a r i e t y  o f  n i t rogen .  s o u r c e s  added t o  p r o v i d e  t h e  same 
amount of n i t rogen .  a s  t h a t  in .  1 gram of  KNO 
f o r  t h i s  experimen.t w a s  grown. w i t h  e l e m e n t a l  n f t rogen .  a s  t h e  
n. i t rogen s o w c e .  The c u l t u r e s  were a l lowed t o  grow f o r  5 
- -  
The in.0 culum 3' 
days in .  an. a i r  a tmosphere,  a f t e r  whfch t h e y  were a s sayed  
f o r  t h e  amount of p o l y s a c c h a r i d e  p r e s e n t  i n  t h e  spent medium 
u s i n g  t h e  p h e n o l - s u l f u r i c  a c i d  method. The r e s u l t s  of  t h e s e  
s tud ie s  (Tab le  1) a r e  e x p r e s s e d  a s  t h e  q u a n t i t y  of  p o l y s a c -  
c h a r i d e  produced, popu la t ion ,  growth  a n d  pH. The s t a t i s t i c a l  
a n a l y s i s  of t h e  p o l y s a c c h a r i d e  da t a  i s  found i n .  Table  2. 
There w a s  a h i g h l y  s ign . i f ican . t  d i f f e r e n c e  among t h e  quan- 
t i t i e s  of p o l y s a c c h a r i d e  produced,  T h i s  o b s e r v a t i o n  i s  o f  
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Table  1. The E f f e c t  of Various Nitrogen.  Sources  on t h e  
Product ion ,  o f  t h e  E x t r a c e l l u l a r  P o l y s a c c h a r i d e  
by A. f l o s - a q u a e  A-37, 
Po lysac -  F i n a l  C e l l  / m l ,  4 N i t r o g e n  Source  Con.cen.- t r a  t i o n  chari.de p H  x 10 




























6.6 2 . 3  
. .  
'Each v a l u e  i s  t h e  average  o f  t h r e e  r e p 1 i c a t i o n . s  w i t h  
d u p l i c a t e  d e t e r m i n a  t i o a s  done on. each r e p l i c a  t ion, .  
'The i n i t i a l  p H  was 8.0. 
jEach  v a l u e  i s  t h e  mean. of two determin.ati0n.s.  
Table 2 ,  S t a t i s t i c a l  A n a l y s i s  of t h e  P o l y s a c c h a r i d e  Data 
Shown i n  Table  1. 
ANALYSI s OF VARIANCE'- 
S o u r c e .  d f  SS M S  F 
Trea tments  7 196.19 28.03 1 2  . 1 9 ~ 2  
R e p l i c a t i o n s  2 6-22 3.11 1.35 
E r r o r  14 32 ., 21  2.30 
T o t a l  23 234.62 
sZ = 0.876 
'S tee l  and T o r r i e ,  1960. 
2Highly s5.gn.ifican.t a t  t h e  0.01 ' l e v e l  o f  p r o b a b i l i t y .  
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p a r t i c u l a r  i n t e r e s t  when cons ide red  w i t h  r e s p e c t  t o  t h e  
popula t ion .  growth  e s t i m a t e d  by c e l l  coun t s .  The l a r g e s t  
p o l y s a c c h a r i d e  y i e l d  occur red  in .  t h e  c u l t u r e  which had t h e  
g r e a t e s t  populat ion. .  T h i s  q u a n t i t y  cou ld  have been. due, im. 
p a r t ,  t o  t h e  s t i m u l a t o r y  e f f e c t  o f  t h e  magnesium on. photo-  
syn . thes i s .  L i t t l e  d i f f e r e n c e  e x i s t e d  among t h e  p o p u l a t i o n s  
of t h e  c u l t u r e s  grown on. NH NO 
however, l a r g e  d i f f e r e n c e s  were observed  i n  t h e  q u a n t i t i e s  
of  p p l y s a c c h a r i d e  produced. The lowes t  y i e l d  of p o l y s a c -  
c h a r i d e  was o b t a i n e d  when. t h e  a l g a  was f ix ing  n i t r o g e n .  
which may i n d i c a t e  t h a t  t h e  energy  a n d  foundat ion .  m a t e r i a l s  
d e r i v e d  from pho tosyn . thes i s  and p h o t o p h o s p h o r y l a t i o n  were 
bein.g d i r e c t e d  toward c e l l u l a r  o r  popu la t ion .  growth r a t h e r  
t h a n  t h e  manufacture  o f  e x c e s s  s u g a r s .  I t  may be assumed 
NH C1, NH4H2P04 a n d  N2; 4 3 $  4 
t h a t  more ene rgy  would be r e q u i r e d  t o  c o n v e r t  e l e m e n t a l  
n i t rogen .  i n t o  a form s u i t a b l e  f o r  u t i l i z a t i o n .  by t h e  c e l l u l a r  
machinery,  T h i s  would a u t o m a t i c a l l y  reduce  t h e  ene rgy  and 
r a w  m a t e r i a l s  a v a i l a b l e  f o r  p o l y s a c c h a r i d e  production.,,  An 
i n t e r e s t i n g  phen.omen.on. i s  observed i n  t h e  d a t a  from t h e  
c u l t u r e  s u p p l i e d  wf th  Ca(N03)2e 
l e a s t  am0un.t o f  growth;  however, t h e  q u a n t i t y  of p o l y s s c -  
c h a r i d e  produced w a s  g r e a t e r  than. t h a t  produced w i t h  e i t h e r  
NH H PO or N2. I t  may be assumed t h a t  e i t h e r  t h e  ca l c ium 
e x e r t e d  an. i n h i b i t o r y  e f f e c t  on. growth o r  t h a t  t h e  a l g a  w a s  
unab le  t o  u t i l i z e  t h i s  n.i trogen. sou rce .  
Thfs  c u l t u r e  e x h i b i t e d  t h e  
4 2  4 
The pH of t h e  c u l t u r e s  p r o b a b l y  e x e r t e d  some in.fluen,ce 
on t h e  q u a n t i t y  o f  t h e  p o l y s a c c h a r i d e  produced. As ide  from 
t h e  changes  due t o  metabolism, t h e  pH of  t he  c o n t r o l  (N2) 
w a s  i n f l u e n c e d  s o l e l y  by t h e  f o r m a t i o n  o f  c a r b o n i c  a c i d  
from t h e  ca rbon  d i o x i d e  in. t h e  a i r  supp ly ,  whereas  t h e  p H  
of t h e  o t h e r  c u l t u r e s  w a s  a d d i t i o n . a l l y  in.fluen.ced by t h e  
n i t r o g e n .  sou rce  a s  i t  w a s  u t i l i z e d ,  
S o l u b i l i t y  Tes ts  
S o l u b i l i t y  t e s t s  were conducted on. t h e  e x t r a c e l l u l a r  
p o l y s a c c h a r i d e  w i t h  t h e  e x p e c t a t i o n  of  r u n n i n g  p a r t i t i o n  
s t u d i e s  v i a  coun . t e rcu r ren t  e x t r a c t i o n  ( C r a i g ,  1962). The 
d r i e d  p o l y s a c c h a r i d e  was p l aced  in.  5’ m l .  o f  t h e  s o l v e n t  and 
a l lowed t o  e q u i l i b r a t e  f o r  s e v e r a l  hours .  Changes i n .  t h e  
e x t e r n a l  appearance  such  a s  s w e l l i n g  were noted .  Those 
so lven . t s  which had e f f e c t e d  a change in.  t h e  e x t e r n . a l  ap-  
pea rance  were i n v e s t i g a t e d  f u r t h e r  w i t h  chemica l  t e s t s  
using phenol  and s u l f u r i c  a c i d ,  The water - immisc ib le  o r -  
g a n i c  s o l v e n t s  were e x t r a c t e d  w i t h  I , wate r  an.d t h e  
aqueous l a y e r  was t h e n  t e s t e d  f o r  t h e  p r e s e n c e  o f  t h e  po ly -  
s a c c h a r i d e ,  C o n t r o l s  were run f o r  each  s o l v e n t  t e s t e d ,  The 
so lven . t s  t e s t e d  a n d  t h e  r e su l t s  a r e  presen. ted in .  Table  3. 
These r e s u l t s  i n d i c a t e d  t h a t  t h e  p o l y s a c c h a r i d e  w a s  in.- 
s o l u b l e  in. all excep t  aqueous so1ut i sn . s  and some w a t e r -  
m i s c i b l e  s o l v e n t s ,  The sodium and potass ium s a l t s  o f  t h e  
p o l y s a c c h a r i d e  were found t o  behave i n  a s i m i l a r  mann.er, 
Table 3 .  S o l v e n t s  Tes ted  f o r  Use a s  a P o l y s a c c h a r i d e  
So lven t .  
Wa tpr - Immisc ib le  
Chloroform 
E t h y l  a c e t a t e  
Carbon. t e t r a c h l o r i d e  
Toulene 
E t h e r  
Cyclohexane 




Carbon d i s u l f i d e  
T e r t i a r y  amyl a l c o h o l  
Isoamyl  a l c o h o l  
Amyl a c e t a t e  
Be n.z e n.e 
Benzyl a c e t a t e  
Buty l  a c e t a t e  
Benza 1 d e hy d e 
Nitr0ben.zen.e 
Hexane 
De c a ne 
I s o b u t y l  a l c o h o l  
Pentane 
n- Bu t y r  a 1 d e hy d e 
l Wa t e r - M i s c i b l e  
Dioxane 
P y r i d i n e  
Acetone 
P ropy l  a l c o h o l  
E thy lene  g l y c o l  I- 
Formamide + 
Methyl  a l c o h o l  
A c e t i c  a c i d  3. 
Ammonium hydroxide + 
Buffers 
Yhosphate M / l 5  -I- 
A c e t i c  acid-sodium a c e t a t e  3- 
Bora te  3- 
LA11 o f  t h e s e  s o l v e n t s  a r e  p o l a r .  They a r e  l i s t e d  in. o r d e r  
of  i n c r e a s i n g  p o l a r i t y .  
2This  symbol i n d i c a t e s  t h o s e  s o l v e n t s  and s o l u t i o n s  i n  which 
t h e  p o l y s a c c h a r i d e  w a s  s o l u b l e  t o  some e x t e n t .  
The barium s a l t  was i n s o l u b l e  in .  aqueous s o l u t i o n . s  w i t h  t h e  
except ion .  of  t h e  a c i d i c  on.es, e. go d i l u t e  H C 1  and d i l u t e  - 
In. an a t t e m p t  t o  overcome t h i s  i a s o l u b i l i t y ,  t h e  e x t r a -  
c e l l u l a r  p o l y s a c c h a r i d e  w a s  t r e a t e d  i n  o r d e r  t o  p r e p a r e  an. 
a c e t a t e  d e r i v a t i v e  u s i n g  t h e  methods p r e v i o u s l y  d e s c r i b e d .  
The r e s u l t i n g  d e r i v a t i v e  was found t o  be i n s o l u b l e  in. c h l o r o -  
form, S k e l l y s o l v e  By ca rbon  d i s u l f i d e  an.d o t h e r  s o l v e n t s ,  w i t h  
t h e  e x c e p t i o n  of dioxane in. which i s  w a s  o n l y  v e r y  s l i g h t l y  
s o l u b l e .  Th i s  obse rva t ion .  ag reed  w i t h  t h a t  of Bishop, _I- e t  a l .  
(1954)  f o r  t h e  p o l y s a c c h a r i d e  produced by Anabaena c y l i n d r i c a .  
The format ion .  of a wa t e r - i n s o l u b l e  qua te rn .a ry  ammonium 
s a l t  o f  t h e  p o l y s a c c h a r i d e  was accomplished by t h e  a d d i t i o n .  
o f  Cetyltrimethylammonium bromide ( C e t a v l o n )  ( 2  p e r o e n t )  t o  
an. aqueous s o l u t i o n .  o f  t h e  p o l y s a c c h a r i d e  ( S c o t t ,  1955, 1960; 
S t a c e y  and Barker ,  1960). The r e s u l t i n g  p r e c i p i t a t e  was 
washed w i t h  d i s t i l l e d  wa te r  and d r i e d .  T h i s  s a l t  was f0un.d 
t o  be s o l u b l e  o n l y  i n  d i l u t e  s o l u t i o n s  of N a C 1  ( e .  - go 0.25 
and 1 MI a n d  d i l u t e  a c e t i c  a c i d .  
Thus, t h e  p r e p a r a t i o n .  of d e r i v a t i v e s  and s a l t s  d i d  n o t  
r e su l t  in. t h e  p r o d u c t i o n  o f  a more s o l u b l e  p roduc t  than. t h e  
n a t u r a l  one, The re fo re ,  t h e  c o n s i d e r a t i o n .  f o r  p a r t i t i o n i n g  
t h e  p o l y s a c c h a r i d e  between two immisc ib le  solvent is  was r e -  
j e c t e d ,  
The t e c h n i q u e s  developed by Albe r t s son .  (1960)  f o r  t h e  
p a r t i t i o n .  of c e l l  p a r t i c l e s  a n d  macromolecules in. aqueous 
polymer s o l u t i o n s  were c o n s i d e r e d ,  These t e c h n i q u e s  a r e  
based on. t h e  f a c t  t h a t  c e r t a i n .  polymer s o l u t i o n s  form d i s -  
t i n c t  l a y e r s  a t  d i s c r e t e  c o n c e n t r a t i o n s ,  The systems in.- 
v e s t i g a  t e d  were d e x t r a n - m e t h y l c e l l u l o s e ,  dext ran-polye  thy1en.e 
g l y c o l  a n d  po ta s s ium phospha t e -po lye thy lene  g l y c o l .  The 
f i r s t  system w a s  r e j e c t e d  because t h e  t ime r e q u i r e d  f o r  t h e  
s e p a r a t i o n .  o f  t h e  two p h a s e s  was on. t h e  o r d e r  o f  12 hours .  
A t  room t empera tu re ,  t h i s  a l lowed f o r  t h e  growth o f  micro-  
organisms which contaminated  t h e  samples.  The second system 
had a s e t t l i n g  time of abou t  30 minutes ;  however, t h e  d e x t r a n  
i n t e r f e r e d  w i t h  a l l  t e s t s  f o r  t h e  d e t e c t i o n .  o f  t h e  p o l y s a c -  
c h a r i d e ,  Th i s  system w a s  a l s o  r e j e c t e d .  T h e  t h i r d  system 
had a s e t t l i n g  t ime of  abou t  15 minutes ;  however, t h e  s o l -  
u b i l i t y  o f  t h e  p o l y s a c c h a r i d e  w a s  s o  s l i g h t  t h a t  i t  could  
be n e i t h e r  d e t e c t e d  no r  r ecove red  from t h e  phases .  Thus, 
a l l  a t t e m p t s  t o  p a r t i t i o n .  t h e  p o l y s a c c h a r i d e  were unsuc-  
ce  s s fu l  
S t u d i e s  -- on t h e  P o l y s a c c h a r i d e  C o n s t i t u e n t s  
A s e r i e s  of s t u d i e s  on. t h e  e x t r a c e l l u l a r  p o l y s a c c h a r i d e  
o b t a i n e d  under  v a r i o u s  con.d.iti0n.s was conducted t o  e l u c i d a t e  
t h e  monomers of t h e  p o l y s a c c h a r i d e .  
- Two Dimensional  Paper  Chromatography 
Two d imens iona l  pape r  chromatography o f  t h e  e x t r a -  
c e l l u l a r  p o l y s a c c h a r i d e  h y d r o l y z a t e s  was employed t o  r e v e a l  
t h e  c o n s t i t u e n t s ,  The r e s u l t s  o f  t h i s  s t u d y  and accompanying 
suga r  s t a n d a r d s  a r e  given.  i n .  Table  4. 
v a l u e s  a n d  Color R e a c t i o n s  g l u c o s e  Table  Rf v a l u e s ,  R 
of S t anda rd  S g a r s  a n d  E x t r a c e l l u l a r  Po lysacchay ide  
Cons t i  tuen.t  s Y 
Colo r  React ion.  
w i t h  Reage-n.t B -  2 Compound S o l v e n t  1 S o l v e n t  2 
R r 4  Rg lucose  4 
Uronic  a c i d s  5 
Glue o s e 







Glucur  on.fc a c i d  
l a c t o n e  
L a c t o s e  
2 -Reoxyr i b o s e  
Zyxose 
S t a n d a r d s  
lI 0.09 














ye 1 low- b r  own. 
ye l low 
ye l low 
ye l low 
pin.k 
p i n k  
ye l low 
p i n k  
ye l low 
yel low-br  own. 
p i n k  ( t u rns  g r a y )  
pin.k 
ye l low 
Un.kn.own,s 
Uronic  a c i d s  
Glueose 
Ga l a  c t ose  
Ma n.n.0 s e 





( p o l y s a c c h a r i d e  compounds ) 
10  0.06 ye 11 ow - b r  own. 
1 .00 ye l low 
0.75 yel low 
1.20 ye l low 
p i n k  59 1.23 
52  1053 p i n k  
69 1059 yel low 
68 L75 p i n k  




1 Values  were o b t a i n e d  w i t h  paper  chromatography. 
2 Phenol-wa t e r  s a t u r a t e d  
3 Butanol-pyridine-wa t e r  
4 These v a l u e s  a r e  t h e  a v e r a g e s  f o r  s e v e r a l  chromatograms, 
5 In .  most in.stan.ces t h e r e  was no s e p a r a t i o n .  of  g l u c u r o n i c  
and g a l a c t u r o n i c  a c i d s ,  
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The comparison of Rf a n d  Rglucose v a l u e s  and t h e  c o l o r  
r e a c t i o n s  al lowed t h e  t e n t a t i v e  i d e n t i f i c a t i o n .  o f  t h e  com- 
ponen t s  a s  u r o n i c  a c i d s ,  g a l a c t o s e ,  g l u c o s e ,  mannose, x y l o s e ,  
a r a b i n o s e ,  r i b o s e ,  f u c o s e  and rhamnose. Tests w i t h  t h e  
n inhydr in .  s p r a y  r e v e a l e d  no amino a c i d s .  
The comple t ion  of t h i s  s t u d y  and t h e  t a b u l a t i o n .  of  t h e  
d a t a  brought  o u t  t h e  f a c t  t h a t  an. obvious  d i s c r e p a n c y  ex- 
i s t e d  between. t h e s e  r e s u l t s  and t h o s e  p r e v i o u s l y  r e p o r t e d  
f o r  t h e  e x t r a c e l l u l a r  p o l y s a c c h a r i d e  produced by A .  rlos- 
aquae A-37 by Moore a n d  T i s c h e r  (1965). The  compon.en.ts 
r e p o r t e d  by them were g l u c u r o n i c  a c i d ,  g l u c o s e ,  x y l o s e  and 
- -  
r i b o s e .  
S e v e r a l  exp1an.a t i o n s  were o f f e r e d  f o r  t h i s  d i s c r e p a n c y :  
(1) t h e  p o s s i b i l i t y  of a m u t a t i o n  s i n c e  t h e  a l g a  used for 
t h e s e  s t u d i e s  ( r e f e r r e d  t o  a s  t h e  s u b c u l t u r e )  had been sub-  
j e c t e d  p r e v i o u s l y  t o  s t u d i e s  on. n i t rogen .  f i x a t i o n .  (Davis ,  
T i s c h e r  a n d  Brown, 1966) ;  ( 2 )  t h e  p o s s i b i l i t y  of a modi f i -  
ca t ion .  a s  a r e su l t  of a change in. t h e  growth  medium, i, e-* 
Knop's a l g a l  medium w a s  employed by Moore a n d  Tischer  (1965) ;  
a n d  ( 3 )  t h e  p o s s i b i l i t y  t h a t  t h e s e  compon.en.ts were p r e s e n t  
- 
o n l y  when. t h e  a l g a  w a s  grown. under t h e  con.dit ion.s imposed 
by t h e  a u t h o r .  
The f i r s t  p o s s i b i l i t y  was i n v e s t i g a t e d  by having T i s c h e r  
s e t  up t h e  o r i g i n a l  i s o l a t e  of A ,  f l o s - a q u a e  A - 3 7  in .  growth 
medium f o r  c u l t i v a t i o n .  a f t e r  which t h e  c u l t u r e s  were t aken  
- -  
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by t h e  a u t h o r  a n d  t h e  p o l y s a c c h a r i d e  e x t r a c t e d  and examined. 
These r e s u l t s  a r e  found i n  Table  5. From these r e s u l t s ,  i t  
may be seen. t h a t  t h e  p o l y s a c c h a r i d e s  c o n t a i n e d  t h e  same 
compon,en.ts, T h i s  i n d i c a t e d  t h a t  n.o mutat ion.  had occur red  
o r  t h a t  i f  i t  had, t h e  o r i g i n a l  i s o l a t e  had m u t a t e d  l i k e -  
wise  which would seem t o  have a p r o b a b i l i t y  approaching  
zero .  
The second p o s s i b i l i t y  was i n v e s t i g a t e d  by growing t h e  
t e s t  a l g a  i n  t h e  Kn.oprs medium which was employed by Moore 
a n d  T i s c h e r  (1965). These resu l t s  a r e  p r e s e n t e d  in.  Table  
6. S i n c e  t h e  same components were p r e s e n t  in. bo th  of t h e  
p o l y s a c c h a r i d e s ,  i t  i s  a p p a r e n t  t h a t  no mod i f i ca t ion .  was 
induced by t h e  change i n  t h e  growth medium. 
The l a s t  p o s s i b i l i t y  t o  be c o n s i d e r e d  was i n v e s t i g a t e d  
by o b t a i n i n g  some s p e n t  medium from M r .  C. D. Bostwick 5 
who w a s  a l s o  working w i t h  A .  - -  f l o s - a q u a e  A-37. The p o l y -  
s a c c h a r i d e  was e x t r a c t e d  and examined. Table  7 c o n t a i n s  
t h e s e  r e s u l t s  which  show t h a t  t h e r e  was n.0 d i f f e r e n c e  in.  
t he  chromatographic  p a t t e r n .  o f  t h e  two p o l y s a c c h a r i d e s ,  
The c o n s i d e r a t i o n  of t h e s e  p o s s i b i l i t i e s  s t i l l  l e f t  
t h e  d i s c r e p a n c y  between t h e  two r e p o r t s  un.resolved. The 
o n l y  o t h e r  p o s s i b i l i t y  which can. be o f f e r e d  can. n.ot be 
in .ves t iga  t e d  because t h e  con.di t i0n.s  under which t h i s  work 
was conducted can. n o t  be r e p l i c a t e d .  I t  seems r e a s o n a b l e  
'5Graduat's s t u d e n t ,  Departmeat o f  Microbio logy ,  Mi-ssis- 
s i p p i  S t a t e  U n i v e r s i t y .  
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Table  5. P o l y s a c c h a r i d e  C o n s t i t u e n t s  i n  the  P o l y s a c c h a r i d e s  
Froduced by t h e  O r i g i n a l  Isola e a n d  t h e  Sub- 
c u l t u r e  o f  A .  f ' los-aquae A-37. f - 
Comp0un.d 2 Rf 
3 
g l u c o s e  R 
014 sc 01 sc 
Uronic  a c i d s  1 0  6 0.1 0-1 
Gluc o se 47 44 1.00 1 - 0 0  
G a l a c t o s e  52 49 0.76 0.76 
Mannose 53 51 1 - 3 0  1.27 
A r a  bin.0 s e 63 61 1-34 1.30 
Xylose 55 53 
Fucose 73 7 1  
Ribose 72 69 
R h a mno s e 73 7 1  
1.90 1.79 
2.37 2.22 
'The con . s t i t uen . t s  were r e s o l v e d  w i t h  paper  chromatography, 
2Phen.o lha  t e r  sabukated  s o l v e n t  
3But a no1 -pyr i d in,e -wa t e r  s o1ven.t 
4The design.at ion.  01 r e f e r s  t o  t h e  o r i g i n a l  i s o l a t e  and SC 
r e f e r s  t o  t h e  s u b c u l t u r e .  
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Table  6, P o l y s a c c h a r i d e  Con.s t i tuen. ts  i n .  t h e  P o l y s a c c h a r i d e  
Produced by A 
Kn.op’s Medium:1- 
f l o s - a q u a e  A-37 When. Grown. on. 
Comp0un.d 3 Rgluc 0 9 e 
Uronic  a c i d s  
Glucose 
G a l a c t o s e  
Mannose 























‘The con . s t i t uen . t s  were r e s o l v e d  by p a p e r  chromatography, 
‘Phenol-wa t e r  s a t u r a t e d  s o l v e n t  
3Butan.ol - p y r i d i n e  -wa t e r  s o l v e n t  
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Table 7, P o l y s a c c h a r i d e  C o n s t i t u e n . t s  in.  t h e  P o l y s a c c h a r i d e  
Produced by A ,  f l o s - a q u a e  A-37 C u l t i v a t e d  by M r .  
C. 13. BostwiFk.- 
C o m p o und Rf2 
U r o n i e  a e i d s  
Glucose  
G a l a  c t ose 
Mannose 











7 1  
69 
71  









'The c o n s t i t u e n t s  were r e s o l v e d  by p a p e r  chromatography. 
21?hen.01-wa t e r  s a t u r a t e d  s o l v e n t  
3Bu t a n.ol -p yr i d in.e -wa t e r s o l v  e n. t 
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t o  assume t h a t ,  somehow, t h e  a l g a  w i t h  which they  worked 
was a d i f f e r e n t  v a r i e t y  which w a s  s e l e c t e d  by some random 
chance from t h e  o r i g i n a l  i s o l a t e  of  A. - -  f l o s - a q u a e  A-37, 
Con.f i rmat ion of t h e  I d e n t i t y  -- of t h e  Un.kn.0wn.s 
The i d e n t i t y  o f  t h e  s u g a r  s p o t s  was confirmed by run.- 
--
ning t h e  e l u t e d  sample a1on.g w i t h  t h e  suspected suga r  s tan . -  
d a r d  using t h i n - l a y e r  chromatographic  t echn iques ,  I t  was 
p o s s i b l e  t o  confirm a l l  unknowns w i t h  t h e  except ion .  of  t h e  
u r o n i c  a c i d s ,  The t e n t a t i v e l y  i d e n . t i f i e d  compounds moved 
add r e a c t e d  i d e n t i c a l l y  w i t h  t h e  a u t h e n t i c  suga r  s t a n d a r d s ,  
I t  i s  s p e c u l a t e d  t h a t  t h e  p o l y s a c c h a r i d e  con . ta ins  b o t h  
g a l a c t u r o n i c  a n d  g l u c u r o n i c  a c i d s ,  G lucuron ic  a c i d  was 
p r e v i o u s l y  r e p o r t e d  by Moore an.d T i s c h e r  (1965). This  
s p e c u l a t i o n .  i s  based upon t h e  f a c t  t h a t  - -  A .  f l o s - a q u a e  A-37 
has been  shown. t o  con ta in .  t h e  enzyme UDP-D-Galacturonic 
Acid-&-epimerase which would a l l o w  t h e  u t i l i z a t i o n .  of  e i t h e r  
moiety in. t h e  man.ufacture of  t h e  p o l y s a c c h a r i d e  (Ankel and 
T i s c h e r ,  1968). 
S t u d i e s  - t o Determine - t h e  Homogen.eity of  _.I t h e  P o l y s a c c h a r i d e  
The f r a c t i o n . a t i o n  e f f e c t e d  a c c o r d i n g  t o  method 0n.e 
r e s u l t e d  in .  2 f r a c t i o n . s ,  one v e r y  s l i g h t  and t h e  o t h e r  
v e r y  abun.dan.t, The composi t ion.  of t h e  2 f r a c t i o n s  w a s  
found t o  be c h r o m a t o g r a p h i c a l l y  t h e  same, The r e s u l t s  were 
t h e  same a s  t h o s e  found in. t h e  p r e c e d i n g  t a b l e s .  
The f r a c t i o n . a t i o n .  p rocedure  a c c o r d i n g  t o  method two 
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r e s u l t e d  i n  t h e  format ion .  o f  3 f r a c t i o n s ,  one due t o  t h e  
format ion .  of a c u p r i c  complex and  t h e  o t h e r s  a s  a r e su l t  
of a l c o h o l  p r e c i p i t a t i o n .  The l a s t  f r a c t i o n  w a s  v e r y  s m a l l ,  
A l l  o f  t h e s e  were ana lyzed  w i t h  chroma t o g r a p h i c  t e c h n i q u e s  
and were found t o  c o n t a i n  t h e  same componmts,  
A n  a t t e m p t  w a s  made t o  f r a c t i o n a t e  any n e u t r a l  po ly -  
s a c c h a r i d e s  which might be p r e s e n t .  T h i s  w a s  accomplished 
by f i r s t  removing t h e  a c i d i c  p o l y s a c c h a r i d e s  which were 
known t o  be p r e s e n t ,  by t h e  a d d i t i o n .  o f  1 0  p e r c e n t  Cetavlon., 
The p r e o i p i t a t e  w a s  removed by c e n t r i f u g a t i o n .  and t h e  s u p e r -  
natant t r e a t e d  t o  r e c o v e r  any n e u t r a l  p o l y s a c c h a r i d e s ,  The 
s u p e r n a t a n t  w a s  mixed w i t h  a n  e q u a l  volume o f  I p e r c e n t  
b o r a t e  b u f f e r ,  pH 8.5; however, n.o p r e c i p i t a t e  was formed, 
The a d d i t i o n  of more Cetavlon.  a n d  b u f f e r  d i d  no t  e f f e c t  
any p r e c i p i t a t e ,  The p rocedure  w a s  r e p e a t e d  on a f r e s h  
sample,  t h i s  t ime u s i n g  1 p e r c e n t  b o r a t e  b u f f e r ,  pH 10, 
The r e s u l t s  were a g a i n  n e g a t i v e ,  
The method of Young a n d  Adams (1965) f o r  t h e  f r a c t i o n -  
a t i o n .  of p o l y s a c c h a r i d e s  w a s  employed. The o n l y  f r a c t i o n .  
o b t a i n e d  c o n s i s t e d  of a c i d i c  p o l y s a c c h a r i d e s ,  The c o n s t i t -  
uen. ts  of t h i s  f r a c t i o n .  were a s  p r e v i o u s l y  given. f o r  t h e  
p o l y s a c c h a r i d e ,  The complex fozmed w i t h  Cetavlon. d i d  n o t  
a f f e c t  t h e  chromatographic  p a t t e r n . .  
The con.clusion.s d r a w n  from t h i s  s e r i e s  o f  s t u d i e s  
were t h a t  (1) t h e  p o l y s a c c h a r i d e  w a s  composed of  s e v e r a l  
l i k e  po1ymers jd i f f e r in .g  p e r h a p s  in. molecular  we igh t  and 
( 2 )  t h e  p o l y s a c c h a r i d e  was composed o f  a c i d i c  polymers,  
The re fo re ,  i t  was assumed t h a t  t h e  p o l y s a c c h a r i d e  cou ld  be 
r ega rded  a s  be ing  homogeneous on. a macrosca le ,  
S t u d i e s  - t o Determine - t h e  E f f e c t  _. of Aqueous S.oluti0n.s - of  
Var ious  I n o r g a n i c  - ,  and Organic  Compounds -- on. t h e  f o l y s a c c h a r i d e  
An aqueous s o l u t i o n .  o f  t h e  p o l y s a c c h a r i d e  was t r e a t e d  
w i t h  aqueous s o l u t i o n s  of a v a r i e t y  of i n o r g a n i c  and o r g a n i c  
compounds t o  determine i f  t h e s e  compounds had any e f f e c t  on 
t h e  p o l y s a c c h a r i d e ,  These t e s t s  r e v e a l e d  t h a t  some com- 
pounds e f f e c t e d  p r e c i p i t a t i o n . ,  whereas  o t h e r s  e f f e c t e d  a 
c l a r i f i c a t i o n .  o f  t h e  aqueous s o l u t i o n .  of  t h e  p o l y s a c c h a r i d e .  
Those compounds which b rough t  abou t  t h e  p r e c i p i t a t i o n  of t h e  
p o l y s a c c h a r i d e ,  u s u a l l y  w i t h  t h e  a d d i t i o n .  o f  o n l y  a f e w  d rops  
of t h e  r e a g e n t ,  a r e  p r e s e n t e d  in. Table  8, Most of these 
r e a g e n t s  r e a c t e d  w i t h  t h e  p o l y s a c c h a r i d e  t o  form a w a t e r -  
i n s o l u b l e  p r e c i p i t a ' t e ,  - i. 2. a p r e c i p i t a t e  which remained 
i n s o l u b l e  when. p l aced  in.  d i s t i l l e d  wa te r .  The e x c e p t i o n s  
t o  t h i s  were t h e  p r e c i p i t a t e s  formed w i t h  NaOH, KOH and 
e t h y l  a l c o h o l ,  T h i s  p r e c i p i t a t i o n  r e a c t i o n  w a s  p r o b a b l y  
due t o  t h e  p r e s e n c e  o f  t h e  f r e e '  c a r b o x y l  group in .  t h e  u r o n i c  
a c i d  monomer on t h e  molecule ,  T h i s  r eac t ion . ,  in. most c a s e s ,  
r e s u l t e d  in.  t h e  format ion .  o f  a s a l t  o f  t h e  p o l y s a c c h a r i d e ,  
Many of t h e s e  r e a g e n t s  a r e  used  i n  t h e  i d e n t i f i c a t i o n  of  
p l a n t  gums and mucilages (Smith a n d  Montgomery, 195'9). 
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Table  8, Compounds Which E f f e c t  P r e c i p i t a t i o n .  o f  t h e  E x t r a -  
c e l l u l a r  P o l y s a c c h a r i d e  Produced by - -  A ,  f l o s - a q u a e  
A -37. 
Comp0un.d Con.cen.tra t i on .  o f  
Solutzon.  employed. 
Na OH 2.5 2 
1.0 N - KOH 
C e t a v l o n  (Cetyltrimethy1ammon.ium 
bromide ) 





F e r r i c  c i t r a t e  
E t h y l  a l c o h o l  
( n.e u t  r a I ) 
( b a s i c )  
2 .0  % 
S a t u r a t e d  










S a t u r a t e d  
99.5 % 
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Another  group of  r e a g e n t s  w a s  found t o  b r h g  abou t  a 
c l a r i f i c a t i o n .  of t h e  aqueous s o l u t i o n  of  t h e  p o l y s a c c h a r i d e .  
These r e a g e n t s  a r e  f0un.d i n  Table  9. The mode of a c t i o n .  of 
t h e s e  a g e n t s  has  n o t  been  de termined ,  b u t  some of t h e  a g e n t s  
a r e  w e l l  known c h e l a t i n g  a g e n t s .  
S t u d i e s  Employing - Disc  E l e c t r o p h o r e s i s  Techniques 
The i n i t i a l  d i s c  e l e c t r o p h o r e s i s  s tudies  were conducted 
u s i n g  s t o c k  so1ut ion.s  obtain.ed from Canalco,  R o c k v i l l e ,  
Maryland, f o l l o w i n g  t h e  p rocedure  d e s c r i b e d  i n  t h e  phamplet 
accompan.yin.g t h e  so1ut ion.s .  The i r  p rocedure  w a s  t h a t  o r i g -  
i n a l l y  d e s c r i b e d  by Davis (1964). T h i s  p rocedure  w a s  found 
t o  be u n . s a t i s f a c t o r g  because  of t h e  d i f f i c u l t y  in.  g .e t t in .g  
t h e  sample l a y e r  t o  polymer ize  w i t h  the  p o l y s a c c h a r i d e  
sample . 
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A f t e r  in.ves t i g a  t i n g  s e v e r a l  a1tern.a  t i v e  p r o c e d u r e s ,  
t h e  p rocedure  d e s c r i b e d  by C l a r k  (1964) w a s  employed, w i t h  
minor m o d i f i c a t i o n s ,  I n  t h i s  method, t h e  p o l y s a c c h a r i d e  
w a s  n o t  r e q u i r e d  t o  be polymer ized  i n .  t h e  column.. The 
major m o d i f i c a t i o n  i n .  t h i s  p rocedure  c o n s i s t e d  of  p r e p a r i n g  
a g e l  l a y e r  on. t o p  of  t h e  sample r a t h e r  than. u s i n g  t h e  
co t ton .  p l u g  which w a s  found t o  be u n . s a t i s f a c t o r y ,  
In.  o r d e r  t o  make s u r e  t h a t  o t h e r  subs tan .ces  would n o t  
i n t e r f e r e  w i t h  t h e  e l e c t r o p h o r e s i s ,  t e s t s  were run. s u b s t i -  
t u t in .g  d i s t i l l e d  w a t e r  f o r  t h e  sample in.  o r d e r  t o  t e s t  t h e  
s u c r o s e ,  sin.ce t h i s  w a s  employed t o  i n c r e a s e  t h e  d e n s i t y  of 
Table  9. Compounds Which E f f e c t  C l a r i f i c a t i o n  of t h e  
E x t r a c e l l u l a r  P o l y s a c c h a r i d e  Produced by - A ,  
f l o s - a q u a e  4-37'. 
Compound Concent ra t ion .  o f  
s o l u t i o n  erlipioged 
Mg c i t r a t e  2.0 % 
H PO 
C i t r i c  a c i d  
3 4  2.0 % 
5.0 % 
EDTA S a t u r a t e d  




t h e  sample so lu t ion . .  There w a s  no i n d i c a t i o n .  of a r e a c t i o n .  
o r  i n t e r f e r e n c e  w i t h  t h e  c o n t r o l .  During the  e a r l y  t r i a l  
runs a t r a c k i n g  dye composed of  0,001 percent  Bromphenol 
Blue (5  m l , / l i t e r  of e l e c t r o l y t e )  was u t i l i z e d  t o  f o l l o w  
t h e  r a t e  of  e l e c t r o p h o r e s i s .  
The p o l y s a c c h a r i d e  sample was p r e p a r e d  by d i s s o l v i n g  
a p o r t i o n  of e i t h e r  d r i e d  o r  f r e s h l y  e x t r a c t e d  p o l y s a c -  
c h a r i d e  i n  a s u f f i c i e n t  amount of d i s t i l l e d  w a t e r  t o  e f f e c t  
so lu t ion . ,  Any i n s o l u b l e  m a t e r i a l  was removed by e i t h e r  
c e n t r i f u g a t i o n .  o r  f i l t r a t i o n . ,  I t  was found t h a t  t h e  quan- 
t i t y  of p o l y s a c c h a r i d e  in. t h e  sample was n o t  c r i t i c a l ,  The 
p o r e s  of  t h e  g e l  a l lowed o n l y  a l i m i t e d  q u a n t i t y  t o  enter ;  
however, i t  was n e c e s s a r y  t o  have an. am0un.t s u f f i c i e n t  t o  
be d e t e c t e d  a f t e r  s t a i n i n g .  
In. o r d e r  t o  de t e rmine  i f  any p r o t e i n .  was a s s o c i a t e d  
w i t h  t h e  p o l y s a c c h a r i d e ,  t h e  e l e c t r o p h o r e s i z e d  samples  were 
s t a i n e d  w i t h  amido b l a c k  10  B. Af te r  d e s t a i n i n g ,  no bands 
were present  t o  in .d i ca t e  t h e  p re sence  of prote in . ,  
The p o l y s a c c h a r i d a  h y d r o l y z a t e  a s  w e l l  a s  t h e  in.- 
d i v i d u a l  sugar s t a n d a r d s  were s u b j e c t e d  t o  e l e c t r o p h o r e s i s  
t o  determine if any  of t h e  i n d i v i d u a l  compon.en.ts would 
produce a r eac t ion . ,  A l l  o f  t h e  i n d i v i d u a l  components were 
sub j e c t e d  t o  e l e c t r o p h o r e s i s ,  s e p a r a t e l y  a n d  combined. 
The r e s u l t s  i n d i c a t e d  t h a t  none of them r e a c t e d  t o  t h e  
pr oce dure  . 
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F i g u r e  7 i l l u s t r a t e s  t h e  t y p i c a l  p a t t e r n .  f o r  t h e  
changes i n .  v o l t a g e  and t empera tu re  d u r i n g  an. e l e c t r o p h o r e s i s  
r u n  a t  a c o n s t a n t  c u r r e n t .  The t empera tu re  d i f f e r e n t i a l  
between. t h e  chambers becomes g r e a t e r  a s  t h e  t ime o f  e l e c -  
t r o p h o r e s i s  i s  i n c r e a s e d .  The t empera tu re  w a s  h&gher in .  
t h e  lower  chamber because t h e  major p o r t i o n .  o f  t h e  column. 
e x t e n d s  i n t o  t h a t  chamber, 
I n  o r d e r  t o  de te rmine  t h e  e f f e c t  o f  e l e c t r o p h o r e s i s  
on. t h e  sodium s a l t  o f  t h e  . po lysaccha r ide ,  t h e  sample w a s  
s u b j e c t e d  t o  e l e c t r o p h o r e s i s  a t  a c o n s t a n t  c u r r e n t  of 5 
mA/gel f o r  i n c r e a s i n g  l e n g t h s  o f  t ime.  
t h e  r e s u l t s ,  The d i s t a n c e  w a s  measured i n .  cm. from t h e  
sample o r ig in . ,  I t  w a s  found t h a t  o n l y  1 band w a s  p r e s e n t ,  
r e g a r d l e s s  of t h e  l e n g t h  o f  t ime f o r  e l e c t r o p h o r e s i s ,  a n d  
t h a t  t h i s  band moved p r o p o r t i o n a l l y  t o  t h e  t ime. I t  may 
a l s o  be no ted  t h a t  a s  t h e  t ime i n c r e a s e d  t h e  band became 
more curved.  
F i g u r e  8 i l l u s t r a t e s  
F i g u r e  9 i l l u s t r a t e s  t h e  e x t r a c e l l u l a r  ( a c i d i c )  p o l y -  
s a c c h a r i d e  run. f o r  2 t ime p e r i o d s  a t  a c o n s t a n t  c u r r e n t  of 
5’ mA/gel. I t  may be n o t e d  h e r e  aga in .  t h a t  o n l y  l band w a s  
p r e s e n t ,  The c h a r a c t e r i s t i c s  of  t h e  band were t h e  same a s  
t h o s e  noted  f o r  t h e  sodium s a l t .  
A s e r i e s  of runs w a s  s e t  up t o  de t e rmine  i f  any  com- 
pon.ent in.  t h e  p o l y s a c c h a r i d e  might move in.  t h e  r e v e r s e  
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F i g u r e  8, Disc  E l e c t r o p h o r e s i s  of  t h e  Sodium S a l t  Po ly -  
s a c c h a r i d e  a t  a Cons tan t  Cur ren t  of  5 mA/gel, 
Figure 9. Disc Electrophoresis of the Extracellular (acidic) 
Folysaccharide a t  a Constant Current of 5 mA/gel .  
a l l  samples  were s e t  up a s  u s u a l  and t h e  chamber p repa red .  
After  a l l  p r e p a r a t i o n s  were completed,  t h e  e l e c t r o d e s  were 
r e v e r s e d  such  t h a t  t h e  ca thode  was in .  t h e  'lower chamber, 
The d u r a t i o n  of  t h e  run. w a s  30 minutes w i t h  t h e  samples  
be ing  5 p o l y s a c c h a r i d e  a n d  2 wa te r  con . t ro ls .  Af te r  s t a i n . -  
ing,  t h e  g e l s  were examined and t h e r e  were n.0 bands whatso-  
e v e r  in.  any of  t h e  g e l s .  In. a second s e r i e s  o f  t es t s ,  t h e  
g e l  co1umn.s were modi f ied  such t h a t  t h e  sample w a s  p l a c e d  
in .  t h e  m i d d l e  o f  t h e  g e l  column. r a t h e r  than. near  on.e end. 
The samples  run. were: t h e  e x t r a c e l l u l a r  ( a c i d i c )  p o l y s a c -  
c h a r i d e  (n.0. 1); t h e  sodium s a l t  (no .  21; an.d a mix tu re  of 
t h e  two (no. 3 ) , ( F i g u r e  1 0 ) .  There w a s  no band p r e s e n t  in.  
t h e  upper  po r t ion .  o f  t h e  g e l s  i n d i c a t i n g  t h a t  t h e  components 
moved o n l y  toward t h a  anode. I n .  t h e  lower  g e l  of  No. 3 an. 
i n t e r e s t i n g  phen.omen.on w a s  observed.  T h e  combined sample 
c o n t a i n e d  a band i n t e r m e d i a t e  between t h e  two i n d i v i d u a l  
samples ,  r a t h e r  t h a n  two d i s t i n c t  bands. T h i s  i n .d i ca t ed  
t h a t  t h e  d i f f e ren . ce  between. t h e  e x t r a c e l l u l a r  ( a c i d i c )  
p o l y s a c c h a r i d e  a n d  t h e  sodium s a l t  o f  t h e  p o l y s a c c h a r i d e  
w a s  s o  s l i g h t  t h a t  t h e  samples  were a b l e  t o  merge and t o  
move a s  0n.e sample. 
I n  a n o t h e r  s e r i e s  o f  s t u d i e s ,  7 samples  o f  f r e s h l y  
e x t r a c t e d  e x t r a c e l l u l a r  p o l y s a c c h a r i d e  were s u b j e c t e d  t o  
e l e c t r o p h o r e s i s  a t  a cur ren t  of 5 mA/gel f o r  60 minu tes  
a f t e r  which t h e  samples  were removed w i t h  a syrin.ge and 
pooled f o r  a n o t h e r  run.. The removed samples  were run. a t  
Figure 10. Disc Electrophoresis of the Extracellular 
(acidic) and Sodium Salt Folysaccharides a t  
a Constant Current of 5 mA/gel. 
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a cur ren . t  o f  5 mAlgel f o r  60 minutes .  The r e s u l t s  of  t h i s  
s e r i e s  o f  t e s t s  a r e  shown. i n  Table  10. I t  may be s e e n  t h a t  
in. t h e  second run. t h e  ban.d d i d  n o t  t r a v e l  a s  f a r  a s  in. t h e  
f i r s t  run.. In. f a c t ,  i t  moved o n l y  h a l f  t h e  d i s t a n c e  t r a v e l e d  
by t h e  sodium s a l t .  However, when. t h e  two samples  were 
combin.ed o n l y  1 band was a p p a r e n t  i n d i c a t i n g  t h a t  n.0 d i f f e r -  
ence e x i s t e d  between. t h e  two samples ,  T h e r e f o r e ,  i t  may 
be concluded t h a t  t h e  removed samples  con.tain.ed t h e  same 
p o l y s a c c h a r i d e  a s  I p r e v i o u s l y  npted .  
I n  a n o t h e r  s t u d y ,  t h e  f r a c t i o n s  o f  t h e  e x t r a c e l l u l a r  
p o l y s a c c h a r i d e  o b t a i n e d  by a l c o h o l  f r a c t i o n . a t i o n .  (method 
one)  were examin.ed e l e c t r o p h o r e t i c a l l y .  These f r a c t i o n s  
were d e s i g n a t e d  F-1 and F-2 and were run w i t h  t h e  sodium 
s a l t  a s  t h e  con.tro1. A sample con . ta in ing  both f r a c t i o n s  
and t h e  sodium s a l t  w a s  a l s o  run.. These r e s u l t s  a r e  found 
in. Table  11, I t  may be seen. t h a t  t h e r e  was n.o d i f f e r e n c e  
in. t h e  d i s t a n c e  t r a v e l e d  by t h e  two f r a c t i o n s .  Here a g a i n  
i s  observed  t h e  phen.on.omenon. t h a t  t h e  e x t r a c e l l u l a r  po ly -  
s a c c h a r i d e  f r a c t i o n s  and t h e  sodium s a l t  merged t o  move a s  
one s u b s t a n c e ,  
A s t u d y  was done t o  determin.e t h e  e f f e c t  of s t o p p i n g  
e l e c t r o p h o r e s i s  of t h e  e x t r a c e l l u l a r  p o l y s a c c h a r i d e  f o r  a 
s h o r t  p e r i o d  of  t ime a n d  t h e n  resuming e l e c t r o p h o r e s i s .  
The r e s u l t s  a r e  fQund i n  Table  12. I t  i s  i n t e r e s t i n g  t o  
n o t e  t h a t  a second band appeared  d u r i n g  t h e  second run.. 
70 
Table  1 0 ,  Disc E l e c t r o p h o r e s i s ’  S t u d i e s  on. t h e  E x t r a -  
c e l l u l a r  P o l y s a c c h a r i d e ,  
Run. 1 Run 2 
Sample D i s t a n c e  Sample D i s t a n c e  
cm cm 
2.0 EP -1 0,8 2 EP-1 
EP -2 2.0 E€’-2 0.8 
EP-3 2 .1  EP-3 0,8 
EP-4 2.1 Na s a l t - 1  1.6 
EP-5 2.1 Na s a l t - 2  1.6 
EP-6 2.1 Mixture  -1 1.2 
E€’-7 2.’ Mixture-2  1.1 
Mean. 2.07 
‘ E l e c t r o p h o r e s i s  w a s  conducted a t  a c u r r e n t  of  5 mA/gel 
f o r  60 minutes .  
2EP refers t o  t h e  e x t r a c e l l u l a r  p o l y s a c c h a r i d e  and t h e  
number r e f e r s  t o  t h e  p a r t i c u l a r  g e l  column.. 
Table 11, Disc Electrophoresis’ of the Fractions 
Extracellular Polysaccharide, 
7 1  
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lElectrophoresis was conducted a t  a current of 5 mA/gel 
f o r  60 minutes. 
Table 
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12. Disc E l e c t r o p h o r e s i s '  o f  t h e  E x t r a c e l l u l a r  
F o l y s a c c h a r i d e  When. t h e  Current was I n t e r r u p t e d .  
D i  s t a n.c e 
Band 1 Mean Band 2 Mean. 
Sample L - 
























Na s a l t  3 . 1  1.0 






' E l e c t r o p h o r e s i s  was conducted a t  a c u r r e n t  of 5 mA/gel 
for 60 minutes ,  s topped f o r  1 0  minutes  and resumed a t  a 
c u r r e n t  of 5 mA/gel f o r  30 minutes. 
zEI? r e f e r s  t o  t h e  e x t r a c e l l u l a r  p o l y s a c c h a r i d e ,  
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However, i t  was de te rmined  t h a t  t h i s  was the  same subs t ance  
a s  t h a t  in. t h e  f i r s t  band s i n c e  i t  moved a t  t h e  same r a t e .  
Th i s  may be seen. by comparing t h e  sample da ta  w i t h  t h e  
c o n t r o l  d a t a .  I t  w a s  found t h a t  a n.ew band would appear  
i n  t h e  g e l  e a c h  time t h e  e l e c t r o p h o r e s i s  w a s  i n t e r r u p t e d  
a n d  resumed. T h e  number of  bands would be l i m i t e d ,  o f  
cour se ,  by t h e  q u a n t i t y  of sample present .  
The TCA-polysaccharide e x t r a c t e d  from t h e  washed c e l l s  
was s u b j e c t e d  t o  e l e c t r o p h o r e s i s  t o  de t e rmine  i f  i t  pos-  
s e s s e d  t h e  same e l e c t r o p h o r e t i c  c h a r a c t e r i s t i c s  a s  t h e  
e x t r a c e l l u l a r  p o l y s a c c h a r i d e  .which was run. a s  t h e  con.tro1. 
There was no band in. t h e  g e l s  which c o n t a i n e d  t h e  TCA- 
p o l y s a c c h a r i d e .  The normal  band was p r e s e n t  in. t h e  c o n t r o l s  
in .d ica t in .g  t h a t  t h e  p rocedure  w a s  c o r r e c t l y  done. These 
r e s u l t s  i n d i c a t e d  t h a t  t h i s  TCA-polysaccharide d i f f e r e d  
from t h e  e x t r a c e l l u l a r  p o l y s a c c h a r i d e  an.d t h a t  i t  was, 
p robab ly ,  a n e u t r a l  p o l y s a c c h a r i d e .  
The conclus ion .  drawn. from t h e  d i s c  e l e c t r o p h o r e s i s  
s t u d i e s  w a s  t h a t  t h e  e x t r a c e l l u l a r  p o l y s a c c h a r i d e  produced 
by A. f l o s - a q u a e  A-37 was e l e c t r o p h o r e t i c a l l y  homogeneous. 
Th i s  conclus ion .  was based upon. t h e  f a c t  t h a t  (1) b o t h  o f  
t h e  f r a c t i o n s  o f  t h e  p o l y s a c c h a r i d e  e x h i b i t e d  t h e  same 
e l e c t r o p h o r e t i c  m o b i l i t y  a n d  ( 2 )  n.o e l e c t r o p h o r e t i c  d i f f e r e n c e  
e x i s t e d  between. t h e  e x t r a c e l l u l a r  p o l y s a c c h a r i d e  and t h e  
sodium s a l t .  T h i s  c o n c l u s i o n  added f u r t h e r  suppor t  t o  t h e  
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p r e v i o u s  i n d i c a t i o n .  t h a t  t h i s  w a s  a homogen.eous subs t ance .  
S t u d i e s  t o  Compare t h e  TCA-Polysaccharide w i t h  -- t h e  E x t r a -  
c e l l u l a r  ( A c i d i c  1 Polysa  c c h a r  i d e  
_I -- 
The TCA-polysaccharide i n  aqueous s o l u t i o n .  was t e s t e d  
w i t h  s e v e r a l  r e a g e n t s  t o  de t e rmine  if i t  r e a c t e d  in .  a 
manner comparable t o  t h e  e x t r a c e l l u l a r  ( a c i d i c )  p o l y s a c -  
c h a r i d e .  These r e s u l t s  a r e  shown. i n  Table  13. I t  may be 
s e e n  t h a t  obvious  d i f f e r e n c e s  ex is ted  between. t h e  two 
p o l y s a c c h a r i d e s ,  The p r e c i p i t a t i o n ,  p a t t e r n .  h d i c a t e d  t h a t  
t h e  TCA-polysaccharide w a s ,  p robab ly ,  a n .eutra1 p o l y s a c -  
c h a r i d e .  Cetavlon. i s  an. a g e n t  more o r  l e s s  s p e c i f i c  i n .  
i t s  complexing p r o p e r t y  w i t h  a c i d i c  p o l y s a c c h a r i d e s ,  The 
absence o f  a p r e c i p i t a t e ,  in.  t h i s  c a s e ,  i n d i c a t e s  e i t h e r  
t h e  absence  of  a c i d i c  g roups  o r  t h a t  t h e  a c i d i c  groups  
a r e  in.volved in.  t h e  l i n k a g e s ,  These d a t a ,  coupled w i t h  t h e  
absence  of e l e c t r o p h o r e t i c  m o b i l i t y ,  l e d  t o  t h e  conclus ion .  
t h a t  t h i s  TCA-polysaccharide i s  a n e u t r a l  p o l y s a c c h a r i d e .  
S t u d i e s  -- on. t h e  E x t r a c e l l u l a r  P o l y s a c c h a r i d e  Emp1oyln.g 
I n f r a  -Red Spec t r  opho tome t r y  
The f r a c t i 0 n . s  of t h e  e x t r a c e l l u l a r  p o l y s a c c h a r i d e  
o b t a i n e d  by a l c o h o l  f r a c t i o n . a t i o n .  were examined in .  aqueous 
so1ut ion.s  u s i n g  i n f r a - r e d  spec t ropho tomet ry .  The s p e c t r a  
a r e  shown. in .  F i g u r e  11, T h e  peaks  of  t h e  two s p e c t r a  
c o i n c i d e  v e r y  w e l l ,  in.dicat5n.g t h a t  t h e r e  i s  l i t t l e ,  i f  
any, d i f f e r e n c e  between. t h e  two f r a c t i 0 n . s  of t h e  ex t r a -  
ce  1 l u l a  r po 1 y sa c c ha r i d e , 
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Table 13. D i f f e r e n c e s  i n  t h e  P r e c i p i t a t i o n .  R e a c t i o n s  of 
t h e  E x t r a c e l l u l a r  Po'lgsaccharide and t h e  TCA- 
Po lysa  c c ha r i d  e. 
99.5% s a t .  1% 2% 
Ex t r a c e 1 l u l  a r + I- 













































I n f r a - r e d  spec t ra  were o b t a i n e d  on. t h e  un .pur i f ied  an.d 
p u r i f i e d  e x t r a c e l l u l a r  p o l y s a c c h a r i d e s  t o  de te rmine  w h e t h e r  
o r  n o t  any g r o s s  d i f f e r e n c e s  ex is ted  between t h e  two s t a t e s  
of  t h e  p o l y s a c c h a r i d e s  (Figure 1 2 ) .  There was l i t t l e  
d i f f e r e n c e  between. t h e  two s p e c t r a ,  t3uggestin.g t h a t  t h e  
polymer i s  i n . a  r e l a t i v e l y  p u r e  s t a t e  a s  i t  i s  e x t r a c t e d .  
The main. con.tamin.ants appeared  t o  be min.era1 s a l t s  in .  t h e  
medium and t h e s e  were removed d u r i n g  t h e  p u r i f i c a t i o n .  
p r o c e s s .  
S t u d i e s  _I SQ Determine - t h e  V i s c o s i t y  of -- t h e  P o l y s a c c h a r i d e  
So lu t i 0n.s 
Aqueous so1ut ion.s  of known. con.cen.tra t i0n .s  o f  b o t h  t h e  
e x t r a  c e l l u l a  r p o l y  sa c c ha r i d e  a n.d t he TCA -poly  sa c c ha r i d  e 
were s u b j e c t e d  t o  v i s c o s i m e t r i c  measurements. The t ime 
r e q u i r e d  f o r  t h e  s o l u t i o n .  t o  f low and t h e  s p e c i f i c  g r a v i t y  
a t  a c0n.stan.t t empera tu re  were determin.ed, The s p e c i f i c  
g r a v i t y  v a l u e s  were con.verted t o  d e n s i t y  valugs w i t h  t h e  
a i d  of t a b l e s  (ASTM-IP, 1952). T h e  v i s c o s i t y  w a s  c a l c u l a t e d  
in.  c e n t i p o i s e s  usin.g t h e  fol1owin.g equat ion .  
7 = Apt -, B(/a/t) ( D a n i e l s ,  et aJ., 1962)  
where = v i s c o s i t y  
A = c o n s t a n t  f o r  v i s c o s i m e t e r  
p = d e n s i t y  
t = time V 
B = c0n.stan.t ( c a l c u l a t e d  by B= - - - - - - *  , where V=volume 
8 V l  an.d l= len .g th ] ,  
The r e su l t s  of t h i s  s t u d y  a r e  found in. Table  14. I t  may 














































Table  14. V i s c o s i m e t r i c  D e t e r m i n a t i o n s  on t h e  E x t r a c e l l u l a r  
P o l y s a c c h a r i d e  and t h e  TCA -Polysacc  h a r i d e .  
1 V i s c o a i t y  2 P o l y s a c c h a r i d e  Concentra  t i on .  








if. o 0.8604 
0.9358 
1The concen . t ra t ion .  i s  an. ave rage  of two determin.ation.s.  
The v a l u e s  were o b t a i n e d  w i t h  t h e  p h e n o l - s u l f u r i c  a c i d  
met hod . 
2The time employed in. t h e  ca l cu1a t ion . s  was t h e  a v e r a g e  of 
f i v e  determin.at i0n.s .  
3 c p  = c e n t i p o i s e s  
dec reased ,  The e x t r a c e l l u l a r  p o l y s a c c h a r i d e  had a g r e a t e r  
d e n s i t y  a t  lower concen . t r a t ions  than. d i d  t h e  TCA-polysac- 
chari.de. T h i s  d i f f e r e n c e  in. v i s c o s i t y  again.  i n d i c a t e s  t h a t  
t h e  p o l y s a c c h a r i d e s  a r e  of a d i f f e r e n t  chemica l  a n d  p h y s i c a l  
n a t u r e .  
S tudy  to Determine t h e  Film C h a r a c t e r i s t i c s  o f  t h e  E x t r a -  
ce l lu1a . r  P o l y s a c c h a r i d e  
-- -._ 
In o r d e r  t o  de te rmine  t h e  t y p e  o f  f i l m  formed by an. 
aqueous s o l u t i o n .  o f  t h e  e x t r a c e l l u l a r  p o l y s a c c h a r i d e ,  a 
con.cen.trated s o l u t i o n  w a s  spread on a g l a s s  p l a t e  and al lowed 
t o  d r y  a t  room t empera tu re .  According t o  W h i s t l e r  and 
Smart (1953) p o l y s a c c h a r i d e s  which c o n t a i n  numerous l o n g  
b ranches  w i l l  form on ly  weak and v e r y  b r i t t l e  f i lms which 
a r e  s o  f r a g i l e  t h a t  t h e y  can. n o t  be removed from t h e  p l a t e .  
On. t h e  o t h e r  hand, t h e  p o l y s a c c h a r i d e s  which a r e  l i n e a r  o r  
have branches  o f  approx ima te ly  one suga r  u n i t  in. l e n g t h  form 
stp~n&,~ ~ p l i a b l e  films which c a n  be e a s i l y  removed. 
The f i l m  formed by t h e  aqueous s o l u t i o n .  o f  t h e  e x t r a c e l l u l a r  
p o l y s a c c h a r i d e  w a s  ex t r eme ly  b r i t t l e  and imposs ib l e  t o  r e -  
move from t h e  g l a s s .  T h i s  is . formation.  sugges t ed  t h a t  t h e  
p o l y s a c c h a r i d e  c o n t a i n e d  some l o n g  branches .  
S tudy  t o  Determine t h e  O p t i c a l  A c t i v i t y  o f  t h e  E x t r a -  
c e l l u l a r  P o l y s a c c h a r i d e  
- --
Aqueous s o l u t i o n s  of  b o t h  t h e  e x t r a c e l l u l a r  ( a c i d i c )  
p o l y s a c c h a r i d e  and t h e  sodium s a l t  o f  t h e  p o l y s a c c h a r i d e  
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were p repa red ,  T h e  s o l u t i o n .  of t h e  e x t r a c e l l u l a r  p o l y s a c -  
c h a r i d e  con ta ined  l e s s  than. 5 mg./ml, a n d  d i d  n o t  comple t e ly  
d i s s o l v e ,  Though t h e  s o l u t i o n .  w a s  f i l t e r e d  b e f o r e  doing  
t h e  o p t i c a l  measurement, i t  was t o o  t u r b i d  t o  ob ta in .  an. 
a c c u r a t e  r e a d i n g ,  However, a l l  i n d i c a t i o n . s  were t h a t  t h e  
subs t ance  was o p t i c a l l y  i n a c t i v e .  The s o l u t i o n .  o f  t h e  
sodium s a l t  was p r e p a r e d  a t  a c o n c e n t r a t i o n .  of abou t  ll mg./ 
- 
m l .  T h i s  s o l u t i o n .  w a s  f i l t e r e d  and t h e  o p t i c a l  a c t i v i t y  
was f0un.d t o  be z e r o ,  Th i s  i n d i c a t e d  t h a t  t h e  e x t r a c e l l u l a r  
p o l y s a c c h a r i d e  was most p r o b a b l y  o p t i c a l l y  i n a c t i v e .  
S e r i a l  H y d r o l y s i s  -- o f  t h e  E x t r a c e l l u l a r  P o l y s a c c h a r i d e  
A s e r i e s  of t u b e s  con,tairzin.g t h e  p o l y s a c c h a r i d e  an.d 
H SO was s u b j e c t e d  t o  h y d r o l y s i s  for d i f f e r e n t  1en.gths of 
time t o  determine t h e  r a t e  of  h y d r o l y s i s  an.d t h e  monomers 
2 4  
which were r e l e a s e d .  T h e  t o t a l  c a r b o h y d r a t e  c0n.ten.t was 
de te rmined  w i t h  t h e  p h e n o l - s u l f u r i c  a c i d  method a n d  t h e  
f r e e  s u g a r s  were de termined  using Somogyi's r e a g e n t ,  
These r e s u l t s  a r e  shown. i n  Table  15. A b r i e f  obse rva t ion .  
of  t h e s e  d a t a  r e v e a l s  t h a t  t h i s  i s  n.ot e x a c t l y  what one 
might expec t  from s e r i a l  h y d r o l y s i s  The p e r c e n t  h y d r o l y s i s  
does  n o t  i n c r e a s e  in. p r o p o r t i o n  t o  t ime,  b u t  a p p e a r s  t o  be 
e n t i r e l y  random and independent  o f  t ime. T h i s  i n d i c a t e s  
t h a t  t h e  polymer i s  n o t  l i n e a r ,  but t h a t  i t  c o n t a i n s  
numerous bran.c he s. 
The h y d r o l y z a t e s  were a l s o  s u b j e c t e d  t o  chromatographic  
a n a l y s i s  t o  de t e rmine  t h e  monomers which were r e l e a s e d  a t  
a2 
Table 15. S e r i a l  Hydro lys i s  of t h e  E x t r a c e l l u l a r  f o l y s a c -  
c h a r i d e .  
Time of Hydro lys i s  T o t a l  CH30 FRS' - .LHydroZgsis,- 2 '  - - 
m in.u t e s mg mi3 % 
1 10.8 0,16 1.46 
3 8.8 1.68 19.10 
5 6-8 0.56 8.17 
10 9.4 1.80 19.20 
20 6.8 1.80 26.50 
30 7.. 4 0.93 12.60 
45 10.8 1-86 17.20 
60 8.8 0.63 7.16 
90 9.2 1-83 19.90 
120 8-2 0.85 10.37 
- .  _ -  
lFRS = f r e e  r e d u c i n g  s u g a r s  
2The p e r c e n t  h y d r o l y s i s  w a s  c a l c u l a t e d  by ---------- 
FRS 
x 100. 
T o t a l  CH20 
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t h e  v a r i o u s  times, T h i s  a n a l y s i s  w a s  conducted ,  employing 
one d imens iona l  p a p e r  chromatography,  u t i l i z i n g  t h e  b u t a n o l -  
p y r i d i n . e t j a t e r  s o l v e n t .  The r e s u l t s ,  h e r e  a l s o ,  were n o t  
t would be expec ted  from s e r i a l  h y d r o l y s i s ,  The s e p a -  
r a t i o n  was n o t  a s  good a s  i t  would have been. w i t h  two 
d imens iona l  Chromatography; however , a l l  components appeared  
t o  be p r a s e n t  in .  e a c h  h y d r o l y z a t e ,  The o n l y  a p p a r e n t  
d i f fa rences  among t h e  v a r i o u s  h g d r o l y z a t e s  were t h e  q u a n t i -  
t i e s  of t h e  monomers which increased  a s  t h e  t ime of h y d r o l -  
y s i s  was l e n g t h e n e d ,  T h i s  a l s o  appea red  t o  i n d i c a t e  t h a t  
t h e  p o l y s a c c h a r i d e  i s  composed of  numerous bran.ches,which 
c o n t a i n  a l l  of t h e  monomers i n  a p o s i t i o n .  s u b j e c t  t o  r e -  
moval by a brief exposure  t o  h y d r o l y t i c  can .d i t i on~s .  
SUMMARY 
The e x t r a c e l l u l a r  p o l y s a c c h a r i d e  produced by t h e  b l u e -  
g r e e n  alga .Ansbaen.a - f l o s - a q u a e  A-37 h a s  been. s t u d i e d ,  
u t f1 iE in .g  8 v a r i e t y  of methods, i n .  an. a t t e m p t  t o  c h a r a c -  
t e r i z e  and e l u c i d a t e  t he  n a t u r e  of  t h e  polymer,  
P o l y s a c c h a r i d e  product ion .  i n c r e a s e d  w i t h  t h e  popu la t ion .  
of t h e  c u l t u r e  a n d  occur red  th roughou t  t h e  c u l t i v a t i o n .  
p e r i o d ,  The r a t i o  of p o l y s a c c h a r i d e  produced t o  c e l l u l a r  
d r y  weight  v a r i e d  c o n s i d e r a b l y  d u r i n g  t h i s  t ime. The r a t i o  
was t h e  l a r g e s t  a t  t h e  beginning of  t h e  sampling p e r i o d  
whieh was a b o u t  t h e  t ime t h e  c u l t u r e  e n t e r e d  t h e  e x p o n e n t i a l  
phase  of growth,  The r a t i o  dropped t o  a minimum on. about  t h e  
s i x t h  day a f t e r  which i t  began. t o  i n c r e a s e .  
It  was found t h a t  v a r i o u s  n i t r o g e n .  s o u r c e s  had a d e f t -  
n . f te  e f f e c t  on. t h e  p roduc t ion .  of t h e  e x t r a c e l l u l a r  p o l y -  
s a c c h a r i d e .  The b e s t  y i e l d s  were o b t a i n e d  when. e i t h e r  
Me;(N03)2p KNO 
The  l e a s t  amount of p o l y s a c c h a r i d e  w a s  produced when. t h e  
a l g a  was f i x i n g  n i t rogen . ,  p r o b a b l y  because o f  t be  ene rgy  
r e q u i r e d  f o r  t h e  a s s i m i l a t i o n .  of t h i s  n i t r o g e n .  sou rce ,  The 
pH o f  t h e  growing c u l t u r e s  p r o b a b l y  i n f l u e n c e d  t h e  q u a n t i t y  
produced a l s o .  
or N a N 0 3  w a s  employed a s  t h e  n i t r o g e n  s o u r c e .  3 
S o l u b i l i t y  t r i a l s  i n d i c a t e d  t h a t  t h e  b e s t ,  a n d  p r a c -  
t i c a l l y  on.ly, s o l v e n t  w a s  w a t e r .  A t t empt s  t o  p r e p a r e  a 
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more s o l u b l e  d e r i v a  t i ve !  were u n s u c c e s s f u l .  S e v e r a l  a t t e m p t s  
t o  p a r t i t i o n .  t h e  e x t r a c e l l u l a r  p o l y s a c c h a r i d e  employing 
t h e  t e c h n i q u e s  o f  coun. t s rcur ren . t  a n d  p a r t i t i o n .  between. 
s polymer phases  were a l s o  unsuccessful. 
Chromatographic a n a l y s i s  of  t h e  hydro lyzakes  r e v e a l e d  
t h a t  t h e  e x t r a c e l l u l a r  p o l y s a c c h a r i d e  was composed of  n.in.e, 
or p o s s i b l y  ten., cmpon.en.ts, These were i d e n t i f i e d  a s  
u r o n i e  a c i d s ,  g l u c o s e ,  g a l a e t o s e ,  mannose, a rab in .ose ,  x y l o s e ,  
f u c o s e ,  r i b o s e  a n d  rhamnose, Glucuronic  a c i d  had been  
p r e v i o u s l y  r e p o r t e d  by Moore a n d  T i s c h e r  (1965) t o  be a 
component a n d  t h e  p o s s i b i l i t y  o f  g a l a c t u r o n i c  a c i d  w a s  n o t  
exc luded  s i n c e  t h e  a l g a  has  been  shown. t o  p o s s e s s  t h e  
enzyme UDf-D-Galacturonic Acid-4-epimerase.  The i d e n t i t y  
o f  a l l  components e x c e p t  t h e  u r o n i c  a c i d s  w a s  conf i rmed,  
These r e s u l t s  were e o a t r a d i c t o r y  t o  t h e  r e s u l t s  p r e -  
v i o n s l y  r e p o r t e d  by Moore and T i s c h e r  (1965) which l i s t e d  
t h e  componmts  a s  glucuron. ic  a c i d ,  g l u c o s e ,  x y l o s e  and 
r i b s e ,  S e v e r a l  at tempts were made t o  r e s o l v e  t h i s  d i s -  
c repancy;  however, no s a t i s f a c t o r y  exp lana t ion .  w a s  reached  
s i n c e  i t  was n o t  p o s s i b l e  t o  d u p l i c a t e  p r e c i s e l y  t h e  con- 
d i t i sns  under  which t h e  p r e v i o u s  work was done. 
The r e s u l t s  of  s t u d i e s  t o  f r a c t i o n a t e  t h e  e x t r a c e l l u l a r  
p o l y s a c c h a r i d e  i n d i c a t e d  t h a t  t h e  p o l y s a c c h a r i d e  w a s  corn*&- 
posed of a c i d i c  p o l y s a c c h a r i d e s ,  I n v e s t i g a t i o n .  o f  t h e  
v a r i o u s  f r a c t i o n s  r e v e a l e d  t h a t  a l l  f r a c t i o n s  c o n t a i n e d  t h e  
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same monomers, T h i s  l e d  t o  t h e  conclus ion .  t h a t  t h e  polymer 
w a s  composed o f ,  p o s s i b l y ,  s e v e r a l  p o l y s a c c h a r i d e s  of  l i k e  
composi t ion ,  d i f f e r i n g  p e r h a p s  i n  molecu la r  we igh t ,  I t  w-as 
n o t  p o s s i b l e  t o  demonst ra te  t h e -  p r e s e n c e  of  n e u t r a l  po ly -  
sa  e c ha r i de s , 
It w a s  demonst ra ted  t h a t  aqueous so1ut ion.s  of  v a r i o u s  
i n o r g a n i c  a n d  o r g a n i c  compounds had a v e r y  d e f i n i t e  e f f e c t  
on. aqueous s o l u t i o n s  o f  t h e  e x t r a c e l l u l a r  p o l y s a c c h a r i d e ,  
Some o f  t h e s e  compounds a f f e c t e d  a p r e c i p i t a t i o n  o f  t h e  
p o l y s a c c h a r i d e  by t h e  format ion-  o f  a s a l t  w h i l e  o t h e r s  
e f f e c t e d  a c l a r i f i c a t i o n  o f  t h e  s o l u t i o n .  Compoun.ds such 
a s  NaOH, C a ( 0 H )  
were f0un.d t o  p r e c i p i t a t e  t h e  pplgsacchar i .de ,  Most o f  t h e s e  
p r e c i p i t a t e s  were i n s o l u b l e  in .  w a t e r ,  Compoun.ds s u c h  a s  
Mg c i t r a t e ,  H3PQ4, EDTA a n d  (NH4)2S04 were found t o  b r i n g  
abou t  a c l a r i f i c a t i o n  o f  t h e  s o l u t i o n .  
l e a d  a c e t a t e ,  CuSO4, MgSO4, among o t h e r s ,  
2' 
D i s c  e l e c t r o p h o r e t i c  t e c h n i q u e s  were employed t o  de- 
termine i f  t h e  p o l y s a c c h a r i d e  could  be f r a c t i o n a t e d  e l e c -  
t r o p h o r e t i c a l l y ,  Only 0n.a band w a s  d e t e c t e d  a f t e r  e l e c -  
t r o p h o r e s i s ,  The f r a c t i o n s  o b t a i n e d  by a l c o h o l  f r a c t i o n -  
a t i o n  were s u b j e c t e d  t o  e l e c t r o p h o r e s i s  and i t  w a s  found 
t h a t  n o  e l e c t r o p h o r e t i c  d i f f e r e n c e  e x i s t e d  between. t h e  
f r a c t i o n . s ,  I t  w a s  found t h a t  a s l i g h t  d i f f e r e n c e  e x i s t e d  
in. t h e  m o b i l i t y  of t h e  e x t r a c e l l u l a r  p o l y s a c c h a r i d e  a n d  
t h e  sodium s a l t ;  however, when t h e s e  were combined t h e  two 
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moved a s  a s in .g le  substan.ce.  The r e s u l t s  of  t h e s e  s t u d i e s  
i n d i c a t e d  t h a t  t h e  p o l y s a c c h a r i d e  w a s  e l e c t r o p h o r e t i c a l l y  
homogeneous. 
Washed c e l l s  of t h e  a l g a  were e x t r a c t e d  w i t h  t r i c h l o r o -  
a c e t i c  a c i d  t o  y i e l d  a n o t h e r  p o l y s a c c h a r i d e .  The p o l y s a c -  
c h a r i d e  had no e l e c t r o p h o r e t i c  m o b i l i t y .  I t  a l s o  gave 
d i f f e r e n t  r e a c t i o n s  w i t h  s e v e r a l  o f  t h e  r e a g e n t s  p r e v i o u s l y  
t e s t e d  on t h e  e x t r a c e l l u l a r  p o l y s a c c h a r i d e .  The conclus ion .  
drawn. from t h e s e  r e s u l t s  w a s  t b t  t h i s  p o l y s a c c h a r i d e  w a s  
a n e u t r a l  p o l y s a c c h a r i d e  which d i f f e r e d  c o n s i d e r a b l y  from 
t h e  e x t r a e e l l u l a r  p o l y s a c c h a r i d e ,  
I n f r a - r e d  s p e c t r o p h o t o m e t r i c  s t u d i e s  in .d i ca t ed  t h a t  
l i t t l e ,  if any,  d i f f e r e n c e  e x i s t e d  between. t h e  f r a c t i o n s  
o b t a i n e d  by a l c o h o l  f rac t ion .a tFon, ,  There w a s  a l s o  found 
t o  be l i t t l e  d i f f e r e n c e  i n . t h e  s p e c t r a  of  t h e  un .pur i f ied  
a n d  p u r i f i e d  samples  o f  t he  e x t r a c e l l u l a r  p o l y s a c c h a r i d e ,  
i n d i c a t i n g  t h a t  t h e  subskance i s  in.  a r e l a t i v e l y  p u r e  s t a t e  
upon e x t r a c t i o n .  
V i s c o s i m e t r i c  s t u d i e s  r e v e a l e d  t h a t  t h e  v i s c o s i t y  i s  
p r o p o r t i o n a l  t o  t h e  c o n o e n t r a t f o n  o f  t h e  p o l y s a c c h a r i d e .  
The v i s c o s i t y  o f  t h e  e x t r a c e l l u l a r  p o l y s a c c h a r i d e  a n d  t h e  
TCA-polysaccharide was compared, I t  w a s  found t h a t  t he  
e x t r a c e l l u l a r  p o l y s a c c h a r i d e  had a g r e a t e r  v i s c o s i t y ,  even  
a t  lower  con.cen, t ra t ion.s ,  t h a n .  t h e  TCA-polysaccharide,  T h i s  
t e n d s  t o  con.firm t h e  p r e v i o u s  c o n c l u s i o n  t h a t  a d i f f e r e n c e  
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e x i s t s  between. t h e  two s u b s t s n a e s ,  
The type  of  f i l m  formed by an. aqueous s o l u t i o n .  of  t h e  
e x t r a c e l l u l a r  p o l y s a c c h a r i d e  w a s  de te rmined  in.  o r d e r  t o  
e s t i m a t e  t h e  s t r u c t u r a l  c h a r a c t e r i s t i c s  of t h e  po lysac -  
c h a r i d e ,  The c h a r a c t e r i s t i c s  of t h e  f i l m  i n d i c a t e d  t h a t  
t h e  p o l y s a c c h a r i d e  conta ' ined b ranches ,  p o s s i b l y  l o n g  a n d  
nume r o us , 
O p t i e a l  a c t i v i t y  measurements on. t h e  e x t r a c e l l u l a r  
p o l y s a c c h a r i d e  a n d  t h e  sodEum s a l t  i n d i c a t e d  t h a t  t h e  sub- 
s t a n c e s  were o p t i c a l l y  i n a c t i v e ,  
S t u d i e s  employing s e r i a l  h y d r o l y s i s  o f  t h e  e x t r a c e l l u l a r  
p o l y s a c c h a r i d e  r e v e a l e d  some i n t e r e s t i n g  and r a t h e r  un.- 
expec ted  r e s u l t s ,  I t  w a s  found t h a t  t h e  h y d r o l y t i c  p a t t e r n .  
w a s  random 8n.d 2n.dspenden.t of t ime,  Chroma t o g r e p b f c  a n a l -  
yses r e v e a l e d  t h a t  a l l  compon.ents were r e l e a s e d  a t  d i f f e r e n t  
t ime i n t e r v a l s ,  The o n l y  a p p a r e n t  d i f f e r e n c e  among t h e  
v a r i o u s  h y d r o l y z a t e s  w a s  ih. .the con .cen . t ra t i sn  of t h e  mon- 
omers, These r e su l t s  i n d i c a t e d  t h a t  the  polymer was com- 
posed of numerous b ranches  w i t h  a l l  compor).ents in. a p o s i t i o n .  
t p  be removed a f t e r  o n l y  a b r i e f  exposure  t o  h y d r o l y t i c  
cond 5 t ions , 
I n  t h e  f i n a l  a n a l y s i s  o f  a l l  r e s u l t s ,  i t  was concluded 
t h a t  t h e  e x t r a c e l l u l a r  p o l y s a c c h a r i d e  produced by t h e  b l u e -  
green. a l g a  Anabaen.a - f l o s - a q u a e  A-37 i s  an. a c i d i c  p o l y s a c -  
c h a r i d e  which i s  c h e m i c a l l y  and e l e c  t r o p h o r e t i c a l l y  
homogeneous a n d  t h a t  f t  s t r u c t u r a l l y  c o n t a i n s  numerous 
branches, The p o l y s a c c h a r i d e  c o n s t f t u e n . t s  were r e v e a l e d  
t o  be: uronic a e i d s ,  g l u c o s e ,  g a l a c t o s e ,  mannose, a r a b i n o s e ,  
xylose, f u c o s e ,  r i b o s e  and rhamn.ose, 
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Table 16, Summary Table  o f  t h e  C h a r a c t e r i s t i c s  o f  t h e  - 
E x t r a c i l l u l a r  P o l y s a c c h a r i d e  Froduced by A .  -
fl0S-aquae A-37 .  
__I 
Char a c t er i s  t i c  R e s u l t  ~ - , -  
S o l u b i l i t y  Water s o l u b l e  
Quent  i t y  I n f l u e n c e d  by t h e  n i t r o g e n  source  
Nature  of polymer Composed o f  a c i d i c  p o l y s a c c h a r i d e s  
a n d  pH 
C o n s t i t u e n t s  
Homogeneity 
P r e c i p i t a t e d  by 
S t r u c t u r e  
V i s c o s i t y  
O p t i c a l  a c t i v i t y  
Uronic  a c i d s  
Glucose 
G a l a c t o s e  
Ma nn.0 s e 




Rha mn.0 s e  
C hernical ly  a n.d e l e c  t r  op hor e t i c a  l l y  
hornogen.eous 
Ce t a vlon. ( Ce t yl t r ime t hyla  mrnonium 
Na OH Lead a c e t a t e  
u s04  E t h y l  a l c o h o l  
Complex h e t e r o p o l y s a c c h a r i d e  w i t h  
numer ous bra  n.c hes  
bromide)  
CUSO4 Ca (OH)* 
P r o p o r t i o n a l  t o  t h e  c o n c e n t r a t i o n ,  
I n.a c t i v e  
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ABSTMCT 
These s t u d t e s  were un.dertak.en t o  e l u c i d a t e  t h e  c h a r -  
a c t e r i s t i c s  of  an.  extracellular^ p o l y s a c c h a r i d e  produced 
by a b a e t e r i a - f r e e  c u l t u r e  o f  t h e  blue-green.  a l g a  Anabaena 
- f l o s - a q u a e  A-37. 
P r o d u c t i o n  of e x t r a c e l l u l a r  p o l y s a c c h a r i d e  occur red  
throughout  t h e  c u l t i v a t i o n .  p e r i o d .  The r a t i o  of mg p o l y -  
s a c c h a r i d e  produced t o  mg c e l l u l a r  d r y  weight  v a r i e d  durin.g 
t h i s  time. 
Var ious  n i t r o g e n .  s o u r c e s  e x e r t e d  8 d e f i n i t e  e f f e c t  on. 
t h e  q u a n . t i t y  of  p o l y s a c c h a r i d e  produced,  The b e s t  y i e l d s  
were obtain.ed when. e i t h e r  Mg(N0 1 
u t i l i z e d ,  The l e a s t  amount of p o l y s a c c h a r i d e  w a s  produced 
when t h e  a l g a  was f i x i n g  n i t r o g e n ,  The quan . t i t y  of  po ly -  
K N 0 3  o r  N a N 0 3  w a s  3 z 9  
sacchay ide  produced i s  i n f l u e n c e d  by t h e  n i t r o g e n .  s o u r c e ,  
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pH a n d  t h e  e x t e n t  of growth,  
S o l u b i l i t y  t e s t s  in .d l ca t ed  t h a t  t h e  b e s t  s o l v e n t  f o r  
t h e  p o l y s a c c h a r i d e  w a s  wa te r .  
Chroma t o g r a p h i c  a n a l y s e s  of p o l y s a c c h a r i d e  hydrolyza t e s  
r e v e a l e d  t h a t  t h e  c o n s t i t u e n t s  were u r o n i c  a c i d s ,  g l u c o s e ,  
g a l a c t o s e ,  mannose, a r a b i n o s e ,  x y l o s e ,  f u c o s e ,  r i b o s e  and 
rhamnose. E a r l i e r  r e p o r t s  l i s t e d  t h e  compon.en.ts of  t h i s  
p o l y s a c c h a r i d e  a s  g l u c o s e ,  x y l o s e ,  r i b o s e  an.d g l u c u r o n i c  
acid'.  S e v e r a l  a t t e m p t s  were made t o  r e s o l v e  t h i s  d i s -  
c repancy;  however, n.o s a t i s f a c t o r y  exp lana t ion .  w a s  r eached ,  
F r a c t i o n a t i o n .  s t u d i e s  r e v e a l e d  t h a t  t h e  polymer was 
composed o f  a c i d i c  p o l y s a c c h a r i d e s .  All o f  t h e  f r a c t i o n s ,  
examined ch romatograph ica l ly ,  c o n t a i n e d  t h e  same monomers. 
T h i s  l e d  t o  t h e  c o n c l u s i o n  t h a t  t h e  polymer was composed 
o f ,  p o s s i b l y ,  s e v e r a l  p o l y s a c c h a r i d e s  o f  l i k e  composition.,  
d i f f e r i n g  pe rhaps  in molecu la r  we igh t ,  N e u t r a l  p o l y s a c -  
c h a r i d e s  were n o t  d e t e c t e d .  
It  was demonst ra ted  t h a t  aqueous so1ut ion.s  of  v a r i o u s  
i n o r g a n i c  a n d  o r g a n i c  compoun.ds had a v e r y  d e f i n i t e  e f f e c t  
on. aqueous so1ut ion.s  o f  t h e  p o l y s a c c h a r i d e .  Compounds 
such  a s  NaOH, Ca(OH)*, CuSO and MgSO e f f e c t e d  t h e  formation.  
of a p r e c i p i t a t e ,  Other  compoun.ds such  a s  Mg c i t r a t e ,  EDTA, 
4 4 
H FO and (NH ) SO e f f e c t e d  a c l a r i f i c a t i o n .  of  t h e  so lu t ion . .  3 4  42 4 
Disc  e l e c t r o p h o r e s i s  s t u d i e s  i n d i c a t e d  t h a t  t h e  e x t r a -  
c e l l u l a r  p o l y s a c c h a r i d e  w a s  e l e c t r o p h o r e t i c a l l y  homogeneous, 
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A l l  of t h e  f r a c t i o n s  e x h i b i t e d  t h e  same e l e c t r o p h o r e t i c  
m o b i l i t y ,  There w a s  a s l i g h t  d i f f e r e n c e  between. t h e  
m o b i l i t y  of  t h e  e x t r a c e l l u l a r  ( a c i d i c )  p o l y s a c c h a r i d e  a n d  
t h e  sodium s a l t ;  however, when. combined t h e  two moved a s  
a s i n g l e  s u b s t a n c e .  
The p o l y s a c c h a r i d e  e x t r a c t e d  f rom washed c e l l s  w i t h  
t r i c h l o r o a c e t i c  a c i d  w a s  found t o  d i f f e r  from t h e  e x t r a -  
c e l l u l a r  p o l y s a c c h a r i d e  - T h i s  TCA-polysaccharide d i d  n o t  
e x h i b i t  any e l e c t r o p h o r e t k  m o b i l i t y .  A d i f f e r e n t  r e a c t i o n .  
p a t t e r n .  w i t h  t h e  r e a g e n t s  t e s t e d  on. t h e  e x t r a c e l l u l a r  p o l y -  
s a c c h a r i d e  w a s  o b t a i n e d ,  These r e s u l t s  i n d i c a t e d  t h e  t h i s  
w a s  a n e u t r a l  p o l y s a c c h a r i d e ,  
I n f r a - r e d  s t u d i e s  conducted on. t h e  f r a c t i o n s  of  t h e  
e x t r a c e l l u l a r  p o l y s a c c h a r i d e  in .d i ca t ed  t h a t  l i t t l e  d i f -  
f e r e n c e  e x i s t e d  between. t h e  f r a c t i o n s .  I t  w a s  a l s o  found 
t h a t  t h e  s p e c t r a  o f  t h e  un .pur i f fed  a n d  p u r i f i e d  e x t r a -  
c e l l u l a r  p o l y s a c c h a r i d e s  d i f f e r e d  v e r y  l i t t l e .  T h i s  
appeared  t o  i n d i c a t e  t h a t  t h e  s u b s t a n c e  w a s  in.  a r e l a t i v e l y  
p u r e  s t a t e  upon. ex t r ac t ion . .  
V i s c o s i m e t r i c  determina t i o m  on. t h e  e x t r a c e l l u l a r  
p o l y s a c c h a r i d e  a n d  t h e  TCA-polysaccharide r e v e a l e d  t h a t  
t h e  v i s c o s i t y  w a s  p r o p o r t i o n . a l  t o  t h e  don,cen.tration., The 
v i s c o s i t y  of t h e  TCA-polysaccharide w a s  found t o  be l e s s  
even a t  g r e a t e r  c o n c e n t r a t i o n s ,  
Film f o r m a t i o n  w a s  employed t o  e s t i m a t e  t h e  s t r u c t u r a l  
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c h a r a c t e r i s t i c s  o f  t h e  e x t r a c e l l u l a r  p o l y s a c c h a r i d e .  The 
c h a r a c t e r i s t i c s  o f  t h e  f i l m  formed i n d i c a t e d  t h a t  t h e  
p o l y s  a c c ha r i d e s con. t a i ne d num e r  ous br  a nc h e  s . 
Both t h e  a c i d i c  p o l y s a c c h a r i d e  a n d  t h e  dodium s a l t  
were found t o  be o p t i c a l l y  i n a c t i v e .  
S e r i a l  h y d r o l y s i s  o f  t h e  e x t r a c e l l u l a r  p o l y s a c c h a r i d e  
r e v e a l e d  t h a t  t h e  h y d r o l y t i c  p a t t e r n .  was random and in.- 
dependent  of  time. All mon.omers were p r e s e n t  in.  e a c h  
h y d r o l y z a t e  i r e g a r d l e s s  of  t h e  du ra t ion .  o f  h y d r o l y s i s .  These 
r e s u l t s  i n d i c a t e d  t h a t  t h e  p o l y s a c c h a r i d e  was composed of  
numerous branches  w i t h  a l l  c o n s t i t u e n t s  i n  a p o s i t i o n  t o  
be removed a f t e r  a b r i e f  exposure  t o  h y d r o l y t i c  c o n d i t i o n s ,  
The e x t r a  c e l l u l a  r p o l  ysa c c ha r i d  e p r  oduc e d by A n.a ba eqa 
- f lo s -aquae  A - 3 7  was concluded t o  be an. a c i d i c  p o l y s a c c h a r i d e  
which i s  c h e m i c a l l y  an.d e l e c t r o p h o r e t i c a l l y  homogen.eous 
and t h a t  i t  s t r u c t u r a l l y  c o n t a i n s  n.umerous branches ,  The  
c o n s t i t u e n t s  were r e v e a l e d  t o  be: u r o n i c  a c i d s ,  g l u c o s e ,  
g a l a c t o s e ,  manmse,  a r a b i n o s e ,  x y l o s e ,  f u c o s e ,  r i b o s e  an.d 
rhamn.ose, 
BI ELL1 OGRA PHY 
A l b e r t s s o n ,  Per-Ake. 1960, P a r t i t i o n .  o f  C e l l  P a r t i c l e s  
a n d  Macromolecules,  John  Wiley & Sons. New York, 
American S o c i e t y  Eor T e s t i n g  M a t e r i a l s  a n d  t h e  I n s t i t u t e  
of Petroleum. 1952, Pe t ro leum Measurements Tab le s ,  
American. S o c i e t y  f o r  T e s t i n g  M a t e r i a l s .  Ph i l a ,de lph ia ,  
Pa. 
Anderson., D. M'; W. a n d  G ,  M,.Cree. 1968. Uronic  a c i d  
m a t e r i a l s .  XXVII.  The s t r u c t u r e  of t h e  gum from 
Acacia n.ubica, Carbohyd, Res. 6 :  385-403, 
Galac turon . ic  Acid -4-epimerase i n  blue-green.  a l g a e .  
Biochim, Biophys, Acta ,  1-78: 415-4'19. 
Ankel, Helmut a n d  Robert  G, T i s c h e r ,  1968. UDP-D- 
Banks,  W, an.d C. T, Green,wood, 1963, P h y s i c a l  p r o p e r t i e s  
of  so1ut ion .s  of  p o l y s a c c h a p i d e s .  Adv. Carbo, Chem, 
18: 357-398, 
Barker ,  S. A , ,  E, J, Bourne and D. H. Whiffen.  1956. Use 
of  i n f r a - r e d  a n a l y s i s  in. t h e  determin.at ion.  o f  ca rbo-  
h y d r a t e  s t r u c t u r e .  Meth, Biochem, A n a l .  3: 213-245. 
1 n t e r s c i e n . c e  P u b l i s h e r s ,  I n c ,  New York,  
J .  M, S t a c e p - ' ,  .: a n d  G. Zwe i fe l ,  1957. The s e p a r a t i o n .  
o f  n e u t F a l  p o l y s a c c h a r i d e s ,  Chem, a n d  I n d ,  (London.). 
330. 
,- A,. k , ,Fos t e r , ,  T o  R. S i d d i q u i  a n d  M, Stacey .  1958a. 
S t r u c t u r e  of t h e  c a p s n l a r  p o l y s a c c h a r i d e  of  A e r o b a c t e r  
aero,genes (N.c' ;T;C; 4l8), J. Chem. SOC. 2358-2367. 
-9  a n.d 1958b. S t r u c t u r e  o f  an. 
ac id i ' c  p i l y s a c c h a r f d e  m o r a  t e d  by AerobactBr 
8 e f o g e n . e ~ ~  Nature .  181: 999. 
Bellamy, L'; J' 1962, I n f r a - r e d  s p e c t r a  of  compounds of 
b i o l o g i c a l  i n t e r e s t  , I n  "Comprehensive Biochemis t ry ,  1' 
Vol,  3, pp. 1%3-.'169, E l s e v i e r  P u b l i s h i n g  Company, 
New YQr k ~ 
Bishop, C. T,, G o  A ,  Adams and E, 0 ,  Hughes. 1954- A 
po lys  a c c ha  r i d e f r om t h e b l u e  -gr e en.- a l g a  A n.8 ba en.8 
c y l i n d r i c a .  Can., J, Chem. 11: 999-1004, 
96 
B i s w a s ,  Bo Bo 1957, A p o l y s a c c h a r i d e  from Nostoc muscorum. 
S c i .  a n d  C u l t .  ( C a l c u t t a ) .  22: 6 9 6 - 6 9 r  
Block, R ,  J o y  Emmett E. Durrum a n d  Gun.ter Zweig. 1958. A 
Manual o f  Paper  Chromatography. Academic P r e s s .  New 
York, 
B o b b i t t ,  James M,  1963. Thin.-Layer Chromatography. Rein-  
hold P u b l i s h i n g  Corpora t ion , ,  New York. 
Bouveng, Hans 0, a n d  Ben.gh L indbe rg .  1960. Methods i n  
s t r u c t u r a l  p o l y s a c c h a r i d e  chemis t ry ;  Adv. Carbo. 
Chetn; 15: 53-89. 
Carson., J, Fa  a n d  W; D. Maclay, 1946. The a c y l a t i o n .  of 
po lyuron . ides  w i t h  Tormamf.de a s  a d i s p e r s i n g  a g e n t .  
J, A m ,  Cham, SOC, 68: 1 0 1 ~ - 1 0 1 7 .  
e l e e t r o p h o r e s i s .  A , N e  Y, Aca'd. S e i ,  121: 428-436. 
'tComprehen,sive Biochemis'cry. " 
E l s e v i e r  P u b l i s h i n g  Company. New York. 
A ,  A l h e r t y  a n d  C. D, Cornwell ,  1962. Exper imenta l  
P h y s i c a l  Chemistry,  S i x t h  ed i t i on . .  Chapters  8 a n d ,  
13, pp. 147-157, 296-300. McGraw-Hill Book Company, 
I n c ,  New York, 
some Gram n e g a t i v e  b a c t e r i a .  Biochim. J. 59: 696-703. 
C l a r k ,  John T o  1964. S i  l i f i e d  " d i s c "  ( p o l y a c r y l a m i d e )  
Cra ig  Lyman C, 1962,  Cuun. te rcur ran t  D i s t r i b u t i o n .  In 
Vol. 4, pp. 1-31. 
Dan. ie ls ,  F a r r i n g t o n ,  J. W, W i l l i a m s ,  P a u l  Bender, Rober t  
Davies ,  Do  A .  Le 1955, The s p e c i f i c  p o l y s a c c h a r i d e s  of  
_ ,  . 1956, A s p e c i f i c  p o l y s a c c h a r i d e  o f  P a s t e u r e l l a  
pestis .  Biochim. J. 63: 105-115. 
Davis ,  Baruch J, 1964. Di sc  E l e c t r o p h o r e s i s .  11, Method 
a n d  a p p l i c a t i o n .  t o  human. serum p r o t e i n s .  Ann. N. Y. 
Acad. S c i .  '121: 404-427. 
Davis ,  E d i t h  B o ,  R,  G ,  T i s c h e r  a n d  Lewis R .  Brown, 1966. 
NStrogen. f i x a t i o n .  by t h e  blue-green.  a 1  a An.abaeiza 
_c_ f l o s - a q u a e  A-37. P h y s i o l ,  P1an.t. 19: 823-826. 
Dyer, D. L; a n d  Robert  D o  G a f f o r d .  1963. The use of  
Sgnechococcus l i v i d u s  i n  p h o t o s y n t h e t i c  gas exchangers .  
Develop. I n d ' .  Micro,  3: 87-97; 
97 
E r s k i n e ,  A .  J, a n d  J. K. N. Jones ,  1956. F r a c t i o n a t i o n .  
F r e d r i c k ,  Jerome F, 1951. PrelSmin.ary s t u d i e s  on. t h e  
o f  p o l y s a c c h a r i d e s .  Can., J, Chem. 34: 821-826. 
s y n t h e s i s  of p o l y s a c c h a r i d e s  in t h e  a l g a e ,  P h y s i o l ,  
P l a n t .  4: 621-626. 
. . 1952. P r e l i m i n a r y  s t u d i e s  on  t h e  s y n . t h e s i s  o f  
p o l y s a c c h a r i d e s  i n  t h e  a l g a e ,  11. A p o l y s a c c h a r i d e  
v a r i a n t  of  O s c i l l a t o r i a  p r i n c e p s ,  - I b i d . 5: 37,-40. 
, 1953a. P r e l i m i n a r y  s t u d i e s  on. t h e  s y n t h e s i s  of  
p o l y s a c c h a r i d e s  i n .  t h e  a l g a e ,  111. I n d u c t i o n  of  
p o l y s a c c h a r i d e  v a r i a n t s  in.  O s c i l l a t o r i a  p r i n c e p s  by 
low t e m p e r a t u r e s ,  - I b i d . 6: 96-99. 
. 1953b. P r e l i m i n a r y  s t u d i e s  on. t h e  s y n t h e s i s  of  
p o l y s a c c h a r i d e s  i n .  t h e  a l g a e .  I V .  Branching c h a r -  
a c t e r i s t i c s  o f  O s c i l l a t o r i a  p o l y g l u c o s i d e s .  - Tbia .  
6 :  100-105. 
e 1954. P r e l i m i n a r y  s t u d i e s  on. t h e  s y n t h e s i s  of 
p o l y s a c c h a r i d e s  i n .  t h e  a l g a e .  V, K i n e t i c s  of  p o l y -  
s a c c h a r i d e  f o r m a t i o n  in .  e x t r a c t s  o f  O s c i l l a t o r i a  
p r i n c e p s .  - I b i d , 7: 132-189. 
Gud jons, Han.s F, '1969. N a t u r a l  p o l y s a c c h a r i d e s  a s  g e l l i n g  
and t h i c k e n i n g  a g e n t s ,  Gordian. 69: 64-69.. CA 71: 
9 7 0 1 ~ -  
"Comprehensive B iochemis t ry , "  Vol .  5, pp. 189-232. 
E l s e v i e r  7ub l i sh in .g  Company, New York. 
Hough, L., J, K, N o  Jon.es a n d  W, H, Wadman, 1950. 
Q u a n t i t a t i v e  a n . a l y s i s  of  m i x t u r e s  of  s u g a r s  by t h e  
method o f  p a r t i t i o n .  chromatography,  V, Improved 
methods f o r  t h e  s e p a r a t i o n .  a n d  d e t e c t i o n .  of  t h e  
s u g a r s  a n d  t h e i r  me thy la t ed  d e r i v a t i v e s  on. t h e  paper  
chroma togram, J, Chero, Soc. 1702-1706. 
Horton, Do and I!!* L, Wolfrom. 1963. P o l y s a c c h a r i d e s .  I n .  
9 a n d  1952. An. i n . v e s t i g a t i o n .  
of t h e  p o l y s a c c h a r i d e  compon.en,ts of c e r t a i n .  f r e s h  
w a t e r  a l g a e ,  J. Chem, SOC, 3393-3399, 
Hughes, E, 0 , ,  E, R ,  Gorham a n d  A .  Zehnder. 1958. T o x i c i t y  
o f  an. u n i a l g a l  c u l t u r e  of M i c r o c y s t i s  a e r u g i n o s a .  
J, M i c r o b i o l ,  4: 227, 
- 
98 
J e a n e s ,  Allen.e,  1968, M i c r o b i a l  P o l y s a c c h a r i d e s .  En.cy, 
Jon.es, A ,  So 1953. The i s o l a t i o n .  of  b a c t e r i a l  n u c l e i c  
Polym. S e i ,  Techn.ol. 8: 693-711, 
a c i d s  u s i n g  Cetyltrimethylammon.ium bromide (Cetav lon . ) ,  
Biochim, Biophys. Acta .  10: 607C610, 
Jones,  J. KO No a n d  F. Smith,  1949. P l a n t  gums a n d  
muci lages ,  Adv, Carbo. Chem, 4: 243-291, 
a n d  T. J, P a i n t e r .  1959. The h e m i c e l l u l o s e s  of 
l o b l o l l y  p i n e  wood, 11, The c o n s t i t u t i o n .  o f  hexosan. 
and p e n t o s a n  components, J, Chem, Soc. 573-580, 
Kowkabany, George N.  1954. Paper  chromatography of  ca rbo-  
h y d r a t e s  a n d  r e l a t e d  compoun.ds. Adv, Carbo, Chem. 
9: 303-353.’ 
Koz’mina,  N; F’; a n d  V, I, Baronova, 1968. Use o f  c o l l o i d a l  
p o l y s a e c h a r i d e s  of marine a l g a e  in.  t h e  baking  i n d u s t r y ,  
Ryb. Khoz, 44: 67-68, CA 69: 18147n.i 
Kuhn, W, 1950, In . f r a - r ed  s p e c t r a  o f  c a r b o h y d r a t e s .  A n a l ,  
Chem, 22: 276, 
Kylin., H. 1943. Zur Biochemie d e r  Cyanophyceen,. C i t ed  
from “Phys io logy  and B iochemis t ry  @f Algae.”  
R. A ,  1962. p, 3510 Academic P r e s s .  New York. 
Lewin., 
Lewin., R, A , 1956, E x t r a c e l l u l a r  p o l y s a c c h a r i d e s  o f  g r e e n  
a l g a e ,  Can., J, Microbial., 2:665-672. 
, 1962,  Phys io logy  a n d .  Biochemis t ry  of Algae.  
Academic P r e s s .  New York, 
Maksimova, I ,  V, a n d  M,  N, Pimenova. 1966. Nature  of 
o r g a n i c  compounds e x c r e t e d  i n t o  t h e  c u l t u r e  media 
durin.g growth  of g r e e n  a l g a e ,  Mik rob io log iya ,  35: 
623-632. CA 65: 15829e, 
Mickelson,  John. C , ,  E d i t h  B, Davis  a n d  R. G ,  T i s c h e r ,  
1967, The e f f e c t  o f  v a r i o u s  n i t r o g e n .  s o u r c e s  upon. 
h e t e r o c y s t  f o r m a t i o n  in.. Anabaena - f i o s - a q u a e  A-37, 
J, BP. Bot, 18: 397-405, 
Montgomery, Rex. 1961, F u r t h e r  s t u d i e s  of t h e  phenol -  
s u l f u r i c  a c i d  r e a g e n t  f o r  c a r b o h y d r a t e s .  Biochim, 
Biophys. Acta .  4%: 591-593, 
99 
Moore, B. G ,  and R. G. T i s c h e r ,  1964. E x t r a c e l l u l a r  
p o l y s a c c h a r i d e s  o f  a l g a e :  E f f e c t s  on l i f e  s u p p o r t  
systems;  Sc ience .  145: 586-587, 
a n.d . 1965, B i o s y n t h e s i s  o f  e x t r a ;  - 
c e l l u l a r  p o l y s a c c h a r i d e s  by t h e  blue-green.  a l g a  
Anabaena f l o s - a q u a e  A-37. Can.. J. Mic rob io l .  
i 1 : 8 K  
Nelson., N, 19&. A p h o t o m e t r i c  a d a p t a t i o n .  of t h e  Somogyi 
method f o r  t h e  determin.at ion.  of g lucose .  J. B i o l ,  
Chem. 153: 375-380. . 
Oset rov ,  V. I., E. I, Shn.yukova a n d  V. F. V l a s i s h i n g .  
1969. Hi s tochemica l  s t u d y  of  t h e  p o l y s a c c h a r i d e  
complex of M i c r o c y s t i s  a e r u  in .osa . G i d r o b i o l ,  Zh. 
Akad. Nauk. Ukr, SSR, s*CA 71: 68062t.  
Overton,  K a r l  H. 1963. I s o l a t i g n . ,  p u r i f i c a t i o n  a n d  
p r e l i m i n a r y  o b s e r v a t i o n s ,  In. "Techniques o f  
Organic  Chemis t ry ,"  Vo l ,  X I ,  p a r t  1, pp. 1-60. 
I n t e r s c i e n c e  P u b l i s h e r s ,  I n c ,  New York. 
P a r t r i d g e ,  S. M. 1949. A n i l i n e  hydrogen. p h t h a l a t e  a s  a 
s p r a y i n g  r e a g e n t  f o r  chromatography of s u g a r s .  
Nature ,  164: 443. 
Cyanophycees. Rev. A l g o l .  11: 1-99. 
Chemistry and Enzymology of  Mar ine  A l g a l  Po lysac -  
c h a r i d e s .  Academic P r e s s .  New York .  
Payen, J. 1938. Recherches b iochimiques  sur  que lques  
P e r c i v a l ,  E l i z a b e t h  a n d  Richard  H, McDowell. 1967. 
Randera  t h y  K, 1963, Thin .  Layer  Chromatography. Academic 
P r e s s ,  New Y o r k ,  
Rashba, 0. Ya., L,  V, Kosen.ko a n d  V, M. Solonin.. 1969. 
Carbohydra t e s  of some b l u e - g r e e n  a l g a e .  Mikrob io l ,  
Zh, 31: 146-158. CA 71; 967m, 
ammonium s a l t s  w i t h  a c i d i c  p o l y s a c c h a r i d e s .  Chem. 
anad Ind, (Zon.don.). 168-169. 
S c o t t ,  J. E, 1955. The r e a c t i o n .  o f  long-chain.  q u a t e r n a r y  
, 1960, A l i p h a t i c  ammonium s a l t s  in.  t h e  a s s a y  of  
a c i d i c  p o l y s a c c h a r i d e s  from t i s s u e s ,  Meth. Biochem, 
A n a l .  8: 146-197, 
100 
Smith,  Fred and  Rex Montgomery, 1959, The Chemis t ry  of 
P l a n t  Gums a n d  Mucilages. Reinhold P u b l i s h i n g  
Corpora t i o n .  New York. 
Spedding,  H, 1964. In f r a - r ed  s p e c t r o s c o p y  a n d  c a r b o h y d r a t e  
c h e m i s t r y ,  Adv, Carbo. Chem. 19: 23-49, 
S t a c e y ,  Maurice and S o  A ,  Ba rke r ,  1960, P o l y s a c c h a r i d e s  
of  Microorgan.isms, Oxford a t  t h e  Clarendon P r e s s ,  
Ehgland . 
Handbook. Academic P r e s s .  New York. 
S t a h l ,  E. 1964, T h i n .  Layer  Chromatography--A L a b o r a t o r y  
S t e e l ,  Rober t  G,  D, a n d  James H. T o r r i e .  1960, P r i n c q p l e s  
and P r o c e d u r e s  of S t a t i s t i c s  w i t h  S p e c i a l  Referen.ce 
t o  t h e  B i e l s g i c a l  Sc iences .  M c G r a w - H i l l  Book Company, 
1n.c. New Ywk.  
S t e w a r t - T u l l ,  Do E. S. 1965, A modif ied  PAS ( H I 0  - S c h i f f )  
s t a i n i n g  t e c h n i q u e  f o r  p o l y s a c c h a r i d e s  in .  ge P s, 
Immunol. 8: 221-222. . 
Tipson., R, S t u a r t .  1968. I n f r a - r e d  Spec t roscopy  of  Carbo- 
hydrates--A r e v i e w  of t h e  1 i t e r a tu r . e .  N a t i o n a l  
Bureau of  S t a n d a r d s .  . Washin.gton, D; C'; 
T i s c h e r ,  R e  G. 1965. Pure c u l t u r e  o f  Anabaena f l o s - a q u a e  
A-37. Nature, 205: ,!jA.9-4200 
Tohoku, Yaku l t  S e i z o  K, KO 1969, E x t r a c t i o n  of a n  a c t i v e  
' p o l y s a c c h a r i d e ,  f o r  st imulating t h e  f u n c t i o n .  of  t h e  
r e t i c u l o e n . d o t h e l i a 1  sys tem,  from green.  a l g a e .  
B r i t ,  I:(l4l) 821, CA 70:r109153y, 
Wang, M , ,  E, S t e e r s  a n d  R,  F, Worris .  1963, E x t r a c e l l u l a r  
p o l y s a c c h a r i d e  of  mucoid L a c t o b a c i l l u s  b i g i d u s .  J. 
Bact,  86: 898-903, 
W h i s t l e r ,  Roy Lo and C h a r l e s  Lo Smart ,  1953. P o l y s a c c h a r i d e  
Chemis t ry ,  Academic P r e s s .  New York. 
a n d  M i  L; Wolf'rom. 1962; Methods in .  Ca rbohydrs t e  
-emistry, Vol, 1. Academic P r e s s ,  New York. 
a n.d , 1963, Methods in .  Carbohydra te  
Chemisjzy,  Vol,  2, Academic P r e s s .  New York. 
i 01 
W i l l a r d ,  Hobart  H , ,  Lynn. L, Merrit t ,  Jr. and John. A .  Dean, 
1965. 1ns t rumen. ta l  Methods of  A n a l y s i s ,  Four th  
ed i t i on . .  pp. 120-159, D, van. Nostrand Company, I n c ,  
P r ince ton . ,  New J e r s e y .  
Carbo. Chem. 2: 211-215, 
Wolfrom, M, L, and  A .  Thompson, 1963. A c e t y l a t i o n .  Meth. 
Yamada, Hi rosuke ,  S h i g e r u  In.0, Takah i to  Watanabe a n d  K y o j i  
Shushido. 1969, Alga p o l y s a c c h a r i d e  r e t i c u l o e n d o -  
t h e l i a l  sys tem s t i m u l a t i n g  composi t ions .  B r i t , ’  I: 
(141) 573. CA 70: 9 9 6 2 6 ~ .  
Young, R. a n d  G. A ,  Adams,  1965. S t r u c t u r a l  f e a t u r e s  of 
two e x t r a c e l l u l a r  p o l y s a c c h a r i d e s  from S e r r a t i a  
marcescens,  Can, J, Chem, 43: 2929-2939. 
Z i t t l e ,  C. A .  1951, React ion.  of  b o r a t e  w i t h  s u b s t a n c e s  
o f  b i o l o g i c a l  i n t e r e b t ,  Adv. Enzy. 12: 493. 
